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INTRODUCTION
Although isolated studies on marine bacteria were
reported in as early as the 1800's (Ehrenberg, 1838
Cohn, 1865 Warming, 1876), marine bacteriology did not
become an established and important branch in the field
of microbiology until about thirty years ago (Zofell,
1946 Wood, 1958). Most of the early studies in marine
bacteriology dealt with the classification of pathogenic
strains associated with fish distribution of marine
bacteria in ocean and in estuarine environments the
activities of the marine autotrophic and heterotrophic
bacteria in the marine environments and the growth re-
quirements of these bacteria, etc. (ZoIiell, 1946 Opp-
enheimer, 1963). more recent studies have been concen-
trated on the characterization of the marine bacteria
(Baumann et al., 1971, 1972, 1973, 1974 Iteichelt and
Baumann, 1973a, 1973b) hydrocarbon transformation
(Mackie et al., 1974) by marine bacteria and the effects
of environmental factors on microbial growth (Colwell
and Morita, 1974 Schwarz et al., 1975 Walker and
Colwell, 1975).
Heterotrophic bacteria play an important role in the
transformation and mineralization of organic compounds in
the marine environment. The organic and inorganic substances
produced by these processes become the major nutrients for
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satisfying the growth requirements of phytoplankton and
other marine plants (Andrews and Williams, 1971 Sorokin,
1971 Billen, 1975 Ukeles and Bishop, 1975). Considering
that large numbers of organic compounds are elaborated and
excreted by marine algae as extracellular products or as
the outer mucilage layer surrounding the plant bodies, and
since heterotrophic bacteria commonly exhibit chemotaxis
to concentration gradients of organic compounds (Weibuill,
1960 Wood, 1965 Sieburth, 1968 Adler, 1969 Marshcall
et al., 1971), the surfaces of the marine algae or the
microzone adjacent to this outer mucilage layer should
provide extremely favorable conditions far the growth of
epiphytic, heterotrophic bacteria (Bell and Mitchell, 1972
Sieburth et al., 1974 Andrews, 1976).
One would find that there is a paucity of information
on the bacterial flora of marine algae. This situation
may be attributed to the relatively few number of workers
in this area of research and also to the limited access
of laboratories to the sea. Most of the available inform-
ation are dealt with the bacterial flora associated with
marine phytoplankton (Simjd et al., 1971) and unicellular
algae (Berland et al., 1969a, 1969b, 1970). Information
of bacterial flora on marine benthic algae is almost
completely lacking except those reported for Polysiphonia
lanosa and Ascophyllum nodosum (Chan and McManus, 1967,
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1969). Tolo Harbour, where many types of marine benthic
algae grow luxiously, is an ideal location which provides
ready access for the studies of bacteria associated with
these algae. Tolo Harbour, locates at the mid eastern
part of New Territories, Hong Kong, is a large and nearly
land-locked estuary with an area of approximately 20 square
miles. This Harbour receives the treated sewage effluent
from Shatin and from The Chinese University of Hong Kong,
so that the salinity of the harbour water averages from
28-30%o (Kueh, 1974).
The objectives of the present s tudv are:
1. To characterize and compare the epiphytic, heterotrophic
bacterial flora associated with species of several green,
brown and red marine benthic algae growing in Tolo
Harbour.
2. To study the nutritional and growth requirements of
these bacteria and to determine the abilities of these
bacteria in utilizing a large number of organic compounds
which might occur in algal surface (mucilage layer) as
carbon and energy sources.
3. Since Tolo Harbour receives waters from inland out fal is
and terrestrial runoff which lower the salinity of the
harbour waters, the growth of some indigenous, true
marine bacteria is thus exected to be affected by this
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lowered salinity. This study seeks experimental inform-
ation on the effect of sodium chloride on the growth of
certain true marine bacteria from marine benthic algae.
4. It is hope that the results obtained from the present
investigation could provide some general yet specific
information on the heterotrophic bacteria-marine algae
association.
Literature Review
Mucilage of marine algae
Marine algae live part of or all their time completely
surrounded by seawater. Usually they produce large amounts
of extracellular products, part of which forms the outer
mucilage layer and the remainings are excreted into the
seawater (Percival and McDowell, 1967). In certain brown
and red al-(Tae, the muc i lagenous materials account for
more than 30% of the dry weight of the algae (Percival
and McDowell, 1 967 S ieburth, 1969 Anderson and 'Lent sche l,
1970).
The mucilage layer is the outermost, cont inutous,
amorphous layer surrounding the plant bodies of algae
(Preston, 1958 Preston and Cronshaw, !958). This layer
is made tip of a variety of complex polysaccharides which
are excellent substrates for the heterotrophic bacteria
Fin sea (Khailov, 1966 Sieburth, 1969 Alexander, 1971
Whittaker and Feeney, 1971 Gunnison and Alexander, 1975).
It is quite obvious that different groups of algae appear
to synthesize their own characteristic mucilages (O'Colla,
1962 Percival and McDowell, 1967 Hellebust, 1974).
Usually the algal cell walls are composed of two major
high polymers. One is the water insoluble skeletal
polysaccharide- cellulose, which is composed of beta-1-4
linked D-glucose units. The cellulose is embedded in a
matrix which is composed of pectin, lignin and the other
polymer, the hemicelluloses. Hemicel luloses are also
termed non-skeletal polysaccharides since they or their
precursors may leak out of the cell wall and accumulate
on the outer surface of the cell to form the mucilage
layer, or even diffuse into the aqueous environment
(Stadelmann, 1962, 1969). These complex polysaccharides
released may thus be considered as part of the algal extra-
cellular products (Wilkinson, 1958 Sieburth, 1969).
There are two principal types of hemicellulose, the acidic
polyuronides and the neutral cellulosans. The polyuronides
are heteropolymers and yield arabinose, fucose, xylose,
rhamnose, glucose, galactose, mannose, glucuronic acid and
galacturonic acid, etc., upon hydrolysis (Kreger, 1962).
The neutral cellulosans contain homopolymers of pentose
and hexose units such as xylans, arabans, mannans and
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galactans and also copolymers such as galactomannans
and arabinogalactans, etc. (Percival and McDowell, 1967).
It seems to be universal that these complex polysacc-
harides of the marine algal mucilage possess two common
features. Firstly, the polysaccharides contain more than
one type of sugar residues. Secondly, there is the presence
of acid groups- sulfate, half-esters or carboxyl groups
(uronic acid) in the molecules (Ch'ild et al., 1970 S mi-
dsr et al., 1972a, 1972b). These sulfate polysaccharides
are absent in the land plants. However, there are wide
seasonal and environmental differences to be found in the
types of polysaccharides produced even in the same species
and our knowledge on algal mucilage comes from the studies
on approximately 10% of the known algal species which have
been investigated extensively (Percival and McDowell, 1967).
1. Mucilage of the green algae (Chlorophyta)
The mucilage of the green algae yields a great
variety of sugars upon hydrolysis (0' Col la, 1962
Hellebust, 1974). Polysaccharides (Galactoarabino-
xylans) containing mainly D-galactose, L-arahinose,
mannose and D-xylose as, well as ester siilphates have
been obtained from the mucilage of Codium (Merac, 1954)
Polysaccharides (D-glucuronoxylorhamnans) containing
glucose, D-glucuronic acid, D-xylose, L-rhamnose,
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uronic acid and ester sulfate have been isolated from
Ulva laatuca and related species (McKinnell and Percival,
1962a, 1962b O'Colla, 1962 Percival and Wold, 1963
Haq and Percival, 1966).
2. Mucilage of the brown algae (Phaeophyta)
The prinicpal polysaccharides in the mucilage
of brown algae are alginic acid, laminarin and
fucoidin, a sulphated polysaccharide with L-fucose
residues. Alginic acid, which is present in all the
brown algal species so far examined, is composed
entirely of D-mannuronic acid and L-glucuron i s acid
units with no neutral monosaccharides (0' Col la, 1962
Percival and McDowell, 1967). It may constitute from
14 to 40% of the dry solids of the brown seaweeds
and greater amounts of alginic acid are formed during
colder seasons when little growth is taking place
than in warmer periods of rapid growth (Astburg, 1945
Atkins et al., 1970). Fucoidin, which is a source
of the rare sugar L-fucose, is exuded from the
surface of the fronds of some brown algae (Percival,
J9689 1971 Percival and Jabbar, 1971). Large
quantities of phenolic substances are frequently
liberated by brown algae (Kroes, 1970 Langlois, 1975)
D-mannitol appears to be universally present in the
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brown algae. Other compounds, such as xylose, galactose,
mannose and glucuronic acid are also found (0' Colla, 1962).
Exudation of dissolved organic carbon compounds by certain
brown algae have been reported (Moebus and Johnson, 1974
Moebus et al., 1974).
3. Mucilage of the Red Algae (Rhodophyta)
Carrageenin, agar and porphyran are the main
polysaccharides found in the mucilage of Rhodophyta
Carrageenin is usually built in repeating structures
of a sulfated galactan (Tseng, 1946 Ross, 1953
Clingman and Nunn 1959 Anderson et al., 1965, 1966)
which is composed of galactose units. Small amounts
of uronic acid are also found in galactan of some
species. Agar is a complex mixture of agarose and
agaropectin. Units in agar and porphyran are alter-
nation of D- and L-galactose while in carrageenan
the units are of D-configuration only. Porphyran
resembles agar in containing 3,6-anhydro-L-galactose
and 6-0-methyl-D-galactose and resembles carrageenan
in containing galactose 6-sulphate (Percival and Mc-
Dowell, 1967). Various sugar alcohols and inositols
have been reported in red algal mucilage. Amino
acids (Impellizzeri et al., 1975), sterols (Tatto-
russo et al., 1975), sulfated galactan (Shimahara
9et al., 1974) and phycocolloids (Tseung, 1946 Jones and Asare,
1975) have been extracted from the mucilage of fi nea charoides.
Functions of mucilage in marine algae
Firstly, due to the presence of this mucilagenous
layer, marine algae can build up flexible structures which
can withstand the movement of the water without damage.
Rees and Conway( 1962) found that stiffer gels present
in some species were selected due to exposure to more severe
wave action. Therefore, the mucilaginous matrix serve as
structural as well as protective materials. They can be
synthesized or structurally modified during growth.
The intercellular charged polysaccharides as well as
alginic acids present in the I'haeophyta could function as
ion buffers, allowing ion uptake into a cell at a constant
rate independent of the tidal movement (Skipnes et al., 1975).
The sulphated polysaccharide porphyran also control solute
flow pathways, e.g. selection of potassium and exclusion
of sodium (Eppley, 1958).
Bacteria associated with marine algae
Sieburth (1968) found that strains of Vibrio were
the dominating epiphytic bacteria on the red alga Pol si-
phonic and the brown alga Sargassum. In a comprehensive
study, Chan and McManus (1969) isolated and characterized
twenty-five bacteria from the red alga Polysiphonia lanosa
10
and the brown alga Ascophyl lum noclosum growing in Canada.
Most of these bacterial isolates were found to he chromo-
genic, Gram-negative rods and Gram-positive cocci belong-
ing to Vibrio, Flavobacterium, Escherichia, l'seudomonas,
Sarcina, Staphylococcus, Achromohacter and Alcal igenes,
with Vibrio and Flavohacterium as the dominant genera.
Recently, strains of A7otohacter with nitrogen fixation
ability have been isolated from the green alga Coditim sp.
(Head and Carpenter, 1975).
uacterlal i lora associates witn lanoratory cultures
of unicellular and planktonic algae was studied by Berland
et al.., (1969). It was found that species of 1'setidomonas,
Vihrio, :1farhacterium, Yanthomonas, Achromobacter, 1 lavo-
baeteriiim, 'Iicrococcus and Staphylococcus were of frequent
occurrence, with srecies of l'seudomonas, 1 lavohacteriiim
and _Achromohacter as the most common isolates.
Bacterial flora of phyto- and zoo-plankton in the
inshore water of. Japan were found to be composed of species
of Vibrio, Aeromonas, Pseudomonas, Aehromobacter, Flavo-
bacterium, Bacillus and Corynehacterium (Simidu et al.,
1971). These authors concluded that the predominance of the
Vihrio-Aeromonas group indicated that bacteria of this group
are closely, associated with planktons as well as other
marine organisms. In addition, seasonal variations did
not seem to alter this tendency. It was also found that
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this group of bacteria was present in much greater numbers
on planktonic surfaces than in the seawater.
Carbon compounds used by the bacteria associated with
marine algae
Chan and McManus (1968.) found that glucose, galactose,
maltose and mannitol which were the major components in
the mucilage of red and brown algae, were vigorously
attacked by the associated bacteria. In addition, among
the 25 isolates, 22 required additional amino acids for
growth which suggested that organic substances containing
peptide-, amide- and free amino-nitrogen as well as vita-
minq warp nrodure by the algae in the natural environment.
It was found that while carbohydrates, fatty acids,
licarboxylic acids, hydroxyacids, organic acids, amino
acids, pyrimidic and puric bases were tested as carbon or
energy source for the growth of bacteria associated with
algal cultures, the amino and organic acids were most fre-
quently utilized, while sugars and their derivatives were
next frequently utilized (Berland et al., 1970). Two bact-
erial species did not utilize any of the 77 substrates
tested indicating that they required sophisticated nutrients
produced by the algae. Some substrates were utilized by
only a few bacterial species, which could be used for sel-
ection purposes (Berland, et al., 1969). Highly species-
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specific responses to certain carbohydrates, amino acids and
nucleotide bases have also been observed (Chet et al.,
1971.
Sodium requirement of marine heterotrophie bacteria
I Concept of Marine Bacteria
The word marine includes the oceanic environment,
the water and sediments of the continental slopes and of
estuaries (Wood, j958). Earliest studies considered that
marine bacteria perferred seawater to distilled water in
the medium for growth only to fulfill the osmotic function.
It was because marine bacteria became lysed when suspended
in seawater too greatly diluted with distilled water
(Ilarvey, 1 91 5).
Research on the halophilic nature and temperature
range of the bacteria isolated from seawater was carried
out in order to explain the differences between freshwater,
soil and marine bacteria. However, due, to the inorganic ions
present in trypticase, yeast extract, fish broth or nutrients
significant conclusions could hardly be obtained and con-
flicting, results were reported. It was found later that
trypticase medium contained O .028NI Na' (MacLeod and Onof rey,
1963) and nutrient broth-yeast extract contained O.03M Na'
as contaminants (Grant and framer, 1962). By using low
concentration of peptone, lcichter (1928) discovered
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that a marine luminous bacteria had a specific requirement
of Na+ for growth and for luminescences.
MacLeod (1956, 1957, 1958) while studying the Na'
requirement of the marine Gram-negative rods, found that
replacement of Na' by Li+, K. Rb and Cs+ for growth of
the organisms were not successful. Sucrose had about the
same limited capacity to spare the N'a+ requirement. Therefore
the specific requirement of Na+ cannot simply be explained
as an osmotic function (Pratt, 1 963$ Pratt and Austin, 1 963)
MacLeod (1965, 1968) isolated 700 bacterial strains from
marine environment and found that growth of these bacteria
did not occur while inoculated into media without Na+.
Although some bacteria of non-marine origin were also
found to have small but specific requirement for Na+ (B3ryant
et al., 1959Sistron 1960 Larsen, 1962 Goldman et al.,
1 963 MacLeod and Onofrey, 1963 O'Brien and Stern, 1969
Hudson and Caldwell, 1972), the criterion of strict
dependence of the marine species Upon the presence of Na+
in the environment for optimum and maximum growth and
metabolism could he used for distinguishing them from their
terrestrial counterparts.
2. Requirement of Nat for growth by bacteria
MacLeod and Onofrey (1957) found that maximum rate and
extensive growth of a marine pseudoinonad occurred with 0.2-
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O.31Ni Na+ which is about one-half of the Na+ concentration
in seawater. Below this level, the amount of growth obtained
in 48 hours was roughly proportional to the concentration
of Na+ tested and extensive growth occurred on longer
incubation.
Halophilic bacteria have also been isolated from soil
and fresh water sources (Larsen, 1962). They have been found
to require Na+ for growth. Based• on the capacity to grow
in media prepared with fresh water or different strength
of artificial seawater, 275 cultures from seawater were
divided into three types terrestrial, halophilic and
marine forms (Ilidaka, 1965). Moderate halophiles require
IM Na(1 for optimal growth (Forsyth and Kushner, 1970
Kamekura and Onishi, 1974) while extremely halophiles
require 3.4-5.1M (Larsen, 1962 Kushner, 1968) and can grow
in saturated NaCl (Forsyth and Kushner, 1970).
The requirement of Na' by other marine bacteria, such
as Photobacterium (Srivastava and MacLeod, 1 971), Deseilfovibrio
(Truper et al., 1969), green and purple sulfur bacteria
(Matheron and Baulaigue, 19722.), Caulobacters (Poindexter,
1964), agar decomposers (Stanipr, i941), Spirilla (Williams
and Rittenberg, 1957). nitrifying bacteria (Watson, 1965,1971
Watson and Waterbury, 1971), Ii ,Iobacterium (Grey, 1976
Tomlinson and Rothstein, 1976) a spirochete (Respell and
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Canale-Parola, 1970), Leucothrix mucor (Harold and Stanier.
1955) were also found to be rather specific (Brock, 1966
Srivastava and MacLeod. 1970).
Effects of NaCl on the growth rate and yields of 31
Gram-negative, heterotrophic* bacteria were studied by
Baumann et al., (1973). These workers found that high levels
of divalent cations were either essential for growth or
stimulated growth. NaC1 can also 'st, iinulate growth of some
non-marine groups. It was found that the amount of NaCl
necessary for optimal growth varied in different strains.
However, the salt response of populations of bacterial
cells is genetically stable as demonstrated by Forsyth
and Kushner (1970).
3. Physiological functions of Na' in marine bacteria
a). Maintenance of the integrity of the cell membrane and
cell wall. Sodium is required by marine bacteria at
a concentration in order to maintain the structural
integrity of the cytoplasmic membrane (Buckmire and
MacLeod, 1 965 Costerton et al., 1.067 Martin and
MacLeod, 1971 Gow et al., 1973 Unemoto et al., 1973).
The sodium ions act through a capacity to affect the
conformation of the membrane protein and control the
porosity of the cytoplasmic membrane. Concentrations
of Na+ in the medium above or below the opt imuum cause
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alternations in structure of the cytoplasmic membrane
which lead to an increased porosity. Experiments (I)eVoe
et al., 1 969 Itayman and MacLeod, 1975) showed that changes
of Na+concentration in the suspension medium caused the
separation and detachment of different layers of the bact-
erial cell wall.
b). Active transport Cytoplasmic membranes are, universally,
impermeable to most solutes by passive diffusion. Thus,
special mechanisms have evolved which permit the transport
of nutrients. Na+has been shown to be essential for the
active carrier-mediated transport of sugars (Frank and
Hopkins, 1,969 Buckmire and MacLeod, 1970 Stock and
Rosemann, 1971 Thomas and Christensen, 1971 Sprott
and MacLeod, 1 974 Sprott et al., 1975), various amino
acids and other solutes across the membranes of a
variety of cells (Schultz and Curran, 1970 Thompson
and MacLeod, 1971, 1973, 1974 Rayman et al., 1972).
The role for Na+ is to increase the affinity of a
carrier or binding protein for the molecule which is
to be transported (Wong et al., 1969). The amino
acid transport system of a pseudomonad was found to
locate in, or that it formed an integral part, of the
cytoplasmic membrane (DeVoe et al., 1970).
Experiment shows that Na is required for the trans-
port of alpha-aminohutyric acid (AIli) and D-fucose
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into cells of a marine pseudomonad, the requirement cannot
be satisfied by other cations (Wilbrandt and Rosenberg, 1961
Drapeau et al., 1963, 1966). It has been shown that sodium
is required for the preliminary formation of an inductive
permease for the active transport into the cells (1)rapeau
et al., 1966).
The functions of Na+ in marine bacteria are quite
similar to that in some animal cells in two aspects. 14 irst,
the Km (the substrate concentration at half the maximum
velocity of the reaction) for transport decreased as the
concentration of Na increased from 20 to 50 mM (Wong et al.,
1969). Secondly, a+ co-transports with the sugar substrates
(Schultz and Curran, 1970 Stock and Roseman, 1.971). However,
the difference is that no N'a+ gradient is maintained across
the cytoplasmic membrane of the bacterial cells (Takacs et
al., 1964). Abolition of both the Na+ and K+ gradients did
not affect the transport system in marine bacteria (Thompson
and MacLeod, 1973).
c). Oxidation Of genetis subst rat. Both -Na+ and K+ have
been found to be essential for the oxidation of exogenous
substrates by cell suspension of a marine pseudomonad
(MacLeod et al., 1958 iayne, 196(1). The amounts of
Na+ required for oxidation of substrates are found to
vary, depending on the substrate being oxidized. I)i-
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and tri-basic acids required two to three times as much
Na+ for maximum rate of oxidation as the monohasic acids
or monosaccharides (Drapeau et al., 1966 MacLeod, et al,,1958).
However, in the cell-free extract of the pseudomonad B-16,
nore of the purified enzymes of the tricarboxylic acid cycles
show any requirement for Na+ for activity, although the requ-
irement of Na+ and K+ are required in vivo (MacLeod and Hori,
1960).
Production of indole from tryptophan by marine bacteria
also requires both Na+ and K+ (Pratt and Happold, 1960).
Pseudomonas natriegens requires appropriate inorganic ions
to induce enzyme formation for the oxidation of uronic acids
(payne et al., 1961).. Sodium is required for oxidation of
L-alanine and D-galactose by intact cells of marine pseudomonad
B-16 (Drapeua et al., 1966). Resting cells of I'seLudomonad
natriegens are found to require Na+ for the oxidation of
L-arabinose and mannitol (Rhodes and Payne, 1962).
d). Retention of Solutes_. Cations are responsible for
controlling leakage of the solutes intracellularily
accumulated by bacterial cells (Drapeau et al., 1966).
Much of the AIB (alpha-aminoisoblutyric acid) is present
free inside the cells of marine pseudomonad 13-16, although
AIB is osmotically active (Wong et al., 1969). When
resuspending washed cells of pseudomonad B-16 in sol-
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utions,the accumlated AIB is lost in 0.5M Mgso4,Lic1,
KC1 but not in NaC1. Thus Na+ is found to be most effective




1. Collection of Algal Materials
Three green algae, Ulva lactuica Linn. (Fig. J) p
Ulva conglobata Kj el lm. (Fig. 2) and Codium ctrl inch ricurn
Holm. (Fig.3),three brown algae Sargassum hemiphyllum
C. Aq. (Fig. 4), Hydroclathrus clathratus (Bory) Howe.
(Fig. 5), and Ectocarpus siliculosus (Dillw) Lyngb.
(Fig. 6), and the red alga Hypnea charoides Lamouroux
(Fig. 7) are the most common marine algae growing along
the intertidal zone of Centre Island in Tolo Harbour
during spring and early summer (Lee, 1964). They
usually attach on rock surface or on sand gravels.
These algal materials were collected during several trips
from March to May, 1975. They were picked with forceps
and put into sterile bottles which were stored in an
ice box. Isolation of bacteria from these algal materials
was usually done within 2 hours after they were collected.
2. Isolation of aerobic, heterotrophic Bacteria from the
algae
The algal materials were rinsed with sterile artifi-
cial seawater (ASV), of which the composition is listed
in Table I, in order to remove the small sand particles
and other residues attached to the algae. Five grams
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Morpholgy of the Algae
Fig. 1. Ulva lactuca Linn.
Fig. 2. Ulva conlobata Kjellm.
Fig. 3. Codium cylindricum Holm.
Fig. 4. Sargassum hemiphyllum c.Aq.
Fig. 5. Hydroglathrus elathratus (Bory) Howe.
Fig. 6. Ectocarpus siliculosus (Dillw)Lyngb.








of each washed alga was added to 100 ml sterile artificial
seawater and was blended for 3 minutes in a pre-colded
Waring blendor (approximately 6800 rpm). Ice was placed
around the blendor to reduce the heat generated by rotation
of the blades during the blending process since heat
injury of the bacterial cells might occur by using this
method (Chan and Mc-Manus, 1967). The temperature of the
algal homogenates in the Waring blendor was 23.7°C before
blending and 26 °C after blending.
Four serial dilutions (10 to 10 of the algal
homogenates were prepared with sterile artificial seawater
as diluent and a 0.1 ml homogenate from each dilution was
spreaded on marine 2216 agar (Difco) plates with 10 repli-
cates. The spread plate method was employed in place of
the pour plate method since it has the advantages of a short-
er incubation period and more uniform colony sizes for
marine bacteria (Buck and Cleverdon, 1961). The plates
were then incubated at 25°C for 7 days.
Bacterial Colonies-of different morphological character-
istics on these plates were chosen for isolation. Single
isolated colonies were picked with a sterile inoculating
needle under the dissecting microscope and were re-streaked
at least 3 times on marine 2216 agar plates for purification.
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Finally the purified cultures were transferred onto marine
2216 agar slants which were incubated at 25°C for 5 days
and kept as stocks and stored at 18°C. These stock cultures
were transferred once a month.
Bacteriological Media
A majority of the media employed in the present study
was basically that described by Baumann et al.(1971, 1972).
The following seven media were frequently used in the exp-
eriment.
i. Artificial Seawater (AS1V)
The artificial seawater (Table 1) consisted of 4
major cations of which the concentrations were quite
similar to the natural seawater. The cations were Na+,
Mg++, K+ and Ca++. The MgSO4.7H20 and CaC 12.2H20 were
dissolved in distilled water separately before mixing
together with the other two components.






2. Basal Medium (BM)
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It was found that growth of marine bacteria in half-
strength artificial seawater was better than in the full-
strength artificial seawater (MacLeod and Onofrey, 1957).
Therefore the basal medium (Table 2) was made up of half-
strength artificial seawater, supplemented with 4 inorganic
ions, Fe++, SO4, HPO4, and NH4+ and using Tris (Hydro-
xyme thyl) -aminome thane (pH=7.5) as buffer.
Table 2: Compositions of Basal Medium
1.1Artificial Seawater: Distilled Water







Acetate, succinate and glycerol were employed as
carbon source for the heterotrophic bacteria. All the
bacteria studied grew well in this medium provided that
the auxotrophic strains were supplied with suitable growth
factors.
3. Yeast Extract Broth (YEB)
Yeast Extract Broth was prepared by adding 0.3%
Difco yeast extract to BM. This medium supported the
27
good growth of most of the auxotrophic strains.
4. Peptone Yeast Extract Broth (PYEB)
Peptone Yeast Extract Broth was prepared by adding
0.3% Difco peptone to YEB. This medium supported the
growth of some of the fastifious strains.
5. Peptone Yeast Extract Agar (PYEA)
This was prepared by adding 1.5% Difco Bacto-Agar
to PYEB,
6. Basal Medium Agar (BMA)
Basal Medium Agar was prepared by adding Difco noble
agar (1.5%) to BM..
7. Terrestrial Medium (TM)
Terrestrial Medium differed from BM only in the
replacement of all sodium in BM by equimolar amounts of
potassium (Table 3).
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Table 3: Compositions of Terrestrial Medium













Cell Shape, size and arrangement: Bacterial strains were
grown in peptone yeast extract broth (PYEB) at 25°C for
24 hours. The cell shape,. size and arrangement of each
bacterial strains was observed tinder the phase contrast
microscope.
Motility: Bacterial strains were stabbed into motility
agar (Tittsler and Sandholzer, 1936). Also cells from
I'YEB were observed under phase contrast microscope to
detect presence or absence of motility.
Flagellum Stain: For those motile strains, Leifson's
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flagellum stain (Leifson, 1963 Baumann et al., 1971a)was
preformed:-
a). Formal Fixative (6%) was added to the cells of young
cultures growing on NYEA agar plate incubated at 25°C C.
b). The cells were fixed for about 5 hours.
c). One ml of the fixed cell-suspension was pipetted irto
the centrifuge tubes and were centrifuged at a speed
of 4500 rpm for 10 minutes in a Centrifuge (Sorval,
Model SS-1).
d). Cells were then washed 3 times with distilled water.
e). A smear was prepared with the washed cells and was
air-dried.
f). Leifson's flagellum stain (Table 4) was flooded onto
the smear for about 10 minutes. When a metallic sheen
was formed on the surface of the dye, rinse the slide
with indirect running water. Then the slide was air
dried and observed under microscope.
Tnh1P 4-- Leifson's flagellum stain
NH4A1(S04) 2. 12H 20 saturated solution or




3 mlSat. Alcoholic basic fuchsia
The components are mixed in the given oraer
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Gram Stain: Gram stain was performed with the exponentially
growing bacterial cells from PYLA agar.
2. Colonial Morphology
Bacterial cells were grown on PYEB for 24 hours
at 25°C. A 0.1 ml portion of the diluted culture was
spread evenly on PYEA plate. The plates were incubated
up-side down in a 25°C incubator for 5 days. The shape,
size, chromogenesis and opacity of the isolated colonies
was observed under a dissecting microscope. Texture of
the colony was also checked.
3. Biochemical Characterization
The methods employed were basically that described
by Baumann et al. (1971,1972). Controls were set up
for each of the tests. Cultures for all tests performed
in liquid medium were incubated in a water bath shaker
with 110 strokes/min at 25°C.
Fermentation of Glucose
The patterns of fermentation of glucose by the bacter-
ial strains were confirmed in two kins of media. The
compositions of Fermentation medium-1 (F-1) and Fermentation
medium-2 (F-2) are listed in Table 5. F-1 medium contained
glucose as the sole carbon source. Bacterial cells were
stabbed into F-l medium and melted 10% agar cool to 45°C
31
was poured slowly on top of the semi-solid F-1 medium as
an agar plug. When the agar plug solidified, it would prevent
contact of the bacteria with atmospheric oxygen. A control
medium lacking glucose was used. Turbidity and gas formation
were observed after incubation at 25°C for 2 and 4 days.
Changes of pH of the cultures were recorded after 4 days.
A spectula was used to take out a small portion of the
culture ir!to a beaker containing 5 ml of sterile distilled
water and the p11 of the medium was measured with a Sargent-
welch pHI meter.
Those bacterial strains showed positive growth in F-I
medium were inoculated from F-I medium into F-2 medium which
contained 0.1% sodium thioglycollate as an oxygen absorbing
agent. No agar Plug was needed. Turbidity of the medium
was checked after 2 and 4 days.
Table 5: Compositions of the fermentation media
Fermentation electiLirnFermentation Medium (F-1)
Basal medium....... 1000 ml1000 mlBasal medium....
50 mlTris-IIC 1 I M p117 .5..50 mlTris-IIC1 IM p117.5
().IIonagar............Ionagar......... 0.1 Jo
1. o('1lticose............Glucose......... 1.0 I
Sodium thioglycollate 0. 1
Production of Ext race l lit l ar Enzymes
The basic medium used was PYEA. All cultures were
spotted on the plates and incubated at 25°C for 7 days.
a) Gelatinase: PYEA enriched with 3% gelatin was used.
Appearance of clear zone around each bacterial mass after
flooding the cultures with acidic mercuric chloride
solution (Skerman, 1967) on the plates indicated the
production of gelatinase. Absence of clear zones meant
that gelatinase was not produced by the bacteria since
acidic mercuric chloride forms white precipitates with
gelatin.
b) Amylase: PYEA enriched with 0.2% starch was used for
detection of amylase production. Formation of clear
zone around the bacterial mass after adding Lugol's
iodine solution (Society of American Bacteriologists,
1957) on the plates indicated presence of amylase while
dark blue areas on the plates indicate the absence of
amylase.
c) Lipase: PYEA enriched with 0.01% (v/v) Tween-80 (poly-
ethylene sorbitan monooleate) was empo lyed. Results
were observed under the dissecting microscope. Small,
black particular precipitates around the bacterial mass
indicated positive production of lipase.
d) Ali ,inane: PYEA enriched with 2% sodium alginate was used
(Skerman, 1967). Clear zone around the bacterial mass
32
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after incubation indicated the production of alginase.
e) Chitinase: PYEA supplemented with 1% colloidal chitin
(Berger and Reynolds, 1958) as substrate was Used. Clear
zone around the bacterial mass indicated production of
chitinase.
Nitrogen Metabolism
Ability of nitrate reduction of the bacterial strains
were tested by adding the reagents 2-naphthylamine and sulf-
manilic acid after incubating the cultures semianaerobically
(use of an agar plug) for 4 days in nitrate medium (Table 6).
Dark brown color developed after applying I ml each of the
reagents to the cultures indicated the production of nitrite
from nitrate. Small amounts of zinc was used to confirm
the negative reaction.






Bacterial cells from 24 hours cultures growing on
marine 2216 agar slants were transferred onto Whatman's
No.1 filter paper with a platinum inoculation loop. Several
drops of each reagents, 1% aqueous solution of N,N,N',N'-
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tetramethyl and phenylenediamine dihydrochloride were added
to the bacterial mass respectively. Development of a deep
blue color within 1-2 minutes indicated presence of oxidase.
Catalase
Exponentially growing cultures on 2216 marine agar
slants were transferred onto a slide. A few drops of 3%
hydrogen peroxide were added to the bacterial mass. Pos it ive
reaction was indicated by the production of gas bubbles
in the cultures within one minute.
4. Antibiotic sensitivity test
Paper discs (Schleicher and Schnell No. 740-E) with
a diameter of 6.35 mm were sterilized in a dry oven at
150°C for 1 hour. Batches of 100 paper discs were
soaked in fixed volume of each of the 10 antibiotic
solutions so that the final concentration of each anti-
biotic was fixed on the disc (Table 11). These anti-
biotic discs were then dried in a vacuum dessicator
over phosphorus pentoxide and stored in screw-capped
bottles over silica-ge.l until use (Report, J961).
Exponentially growing cultures of each bacterial
strain were streaked uniformly over IYEA with a sterile
cotton swab. A total of 5 different types of antibiotic
discs were placed with equal distance between them, on
each inoculated PYEA plates. After I hour prediffusion
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period, the plates were then incubated at 25-C for 18 hours.











po lymyxin B I mg
1 mgchloramphicol
5. Nutritional Studies of the Bacterial Strains
Growth Factor-requiring (auxotrophic) strains
Bacterial strains were inoculated in BM or Tai
and incubated at 25 .°C for 48 hours. Turbidity of the
cultures indicated that they did not require additional
growth factors. Those strains which failed to grow in
BM or TM were re-inoculated into YEB and/or YYEB
respectively. Appearance of turbidity of the cultures
after incubation at 25°C for 72 hours represent positive
growth.
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Utilization of Various Carbon Compounds as Carbon Sources
Each of 119 carbon compounds tested (Table 7) was
added, one at a time, to BMA without any carbon source to
a final concentration of 0.1% as the sole carbon source.
For the auxotrophic strains, vitamin free casamino acids
(Difco) and vitamin mixture (Table 8) were supplied at a
final concentration of 20 mg per litre. Solutions of
casamino acids and vitamins were sterilized by millipore
filter with a pore size of (x .45 u and were added to the
test media just before plating. Additional plates of BMA
and PYEA with and without carbon source 0.1-%/* of succ inate,
acetate and glycerol) were used to serve as positive and
negative control plates. The reel ica-plating method was
used throughout (Lederberg and Lederberg, 1 952). A number
of 9 strains were inoculated onto PYEA plate which served
as the master plate. For strains with spreading growth
only 4 strains were inoculated onto the master plate.
The exponentially growing cultures on each master plate
were inoculated onto eight BM plates with different carbon
sources together with the two control plates. All plates
were checked for growth every 2 days for 6 days after
incubation at 250C C.
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Table 7: Compounds tested as possible carbon and energy
sources for the heterotrophic bacteria
1. Carbohydrates
N-ace tyl-gl uucosamine D(+)-lactose
maltoseD-arabinose




















f uma rat e pimelate
succ inateglutarate
suberatema l eat e
4. Hyd roxyac i cl s
DL-lactateDL-glycerate
Malateglycollate
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7. Non-nit rogenoius aromatic and other cyclic compounds


















































Test of growth temperatures of all strains at
4°C, 10°C, 30°C, 35 °C, 40°C, 45 °C, and 50°C was performed
in test tubes containing 10 ml of 1'YEB. Bacterial
cultures were inoculated into the tubes which were
pre-incubated at the temperature tested. Observations
of growth at 4°C and 10°C were continued for 10 days
while others were determined at the end of the 6th day
after incubation.
7. Detection of true marine and non-marine bacteria
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All the bacterial strains were grown ino types of
media, BM and Th1. For the auxotrophic strains 20 mg/litre
of amino acid mixed solution (Table 9) mixture and vitamin
mixture (Table 8) were supplied to the broth additionally
Turbidity of the cultures was checked after incubation at
25°C on a water bath shaker, for 4 days. Only those
strains which grew in BM but not in TM were considered
as true marine strains since marine bacteria have an
obligate requirement for sodium ion (MadLeod, J965). Bact-
erial strains which grew in both media were regarded as
organi sms of non-marine origin.















Table 10: Marine Medium (Ili1










8. Effect of NaCl on the growth of some marine strains
Growth characteristics and maximum yields of
12 selected marine bacterial strain were determined
in marine medium (MM) containing 50 mM, 100 mM, 200 mM,
300 mM, 400 mM and 500 mM of NaCl as described by
Baumann et al. (1974) except that 0.1 mM FeSO4 .7H20
was empolyed instead of ferric ammonium citrate (Table
JO) o Glucose was the sole carbon source in this medium.
For the auxotrophic strains, 20 mg/litre each of casamino
acids and vitamin mix (Table 8) were added, The
media were sterilized and an aliquot of 95 ml each
was poured into a 150 ml conical flask which was previously
autoclaved and dried in an oven. Exponentially growing
cells from 1'YEB were harvested by centrifugation. After
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washing in Tris buffer (p117.5) three times (15 minutes
each), cells were resuspended in Tris Buffer. Then 5 ml
of the cell suspension was inoculated into each of the
six marine media (MM) containing different concentrations
of NaC 1. This inoculum brought in approximately 1 mM
of Na+ as contaminant. The* cultures were incubated at
250C in a water bath shaker. Optical density (o.D.) of
the cultures was measured with a spectrophotometer
(Beckman, Spectronic 70) at 650 nm at 60 minutes interval
until growth was completed.
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RESULTS
1. Distribution of bacteria strains on marine algae
A total of 58 aerobic, heterotrophic bacterial
strains were isolated from the marine algae (Table 12).
Eight strains (K1, K2, K3, K4, K5, K6, K7 and K8) were
isolated from Ulva lactuca, Linn., nine strains (K9,
K10, K11, K12, K13, K14, K15, K16, K17, K19 and K20)
from Ulva conglobata Kjellm., seven strains (K34, K35,
K36, K37, K38, K39 and K40) from Codium cyl indricum Holm
four strains (K29, K52, K54 and K55) from Sargassum
hemiphyllum C. Ag., six strains (K56, K57, K58, K61,
K64 and K65) from 1Iydroclathus clothratus (Borg) Howe.,
thirteen strains (K21, K229 K231 K249 K251 K26 t K271
K281 K301 K31 t K329 K47 and K63) from Ectocarpus Sillcu-
losis (Dillw.) Lyngb., and nine strains (K41, K42, K43,
K442 K45, K469 K489 K49 and K50) from Hypnea charoides
Lamouroux. It was evident that more bacterial strains
were found to associate with the fine filamentous
Ectocarpus s i l icu los is than with the other marine algae
with large thal lus.
2. Determination of true marine and non-marine bacterial
strains
Among the 58 strains, it was found that 26 strains
could grow well in both BN1 and TM media. This indicated
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Table 12 Bacterial Flora Associated witn marine Algae
Algal species Bacterial genera
Alteromonas Pseudomonas Xanthomonas Flavobacterium Achromobacter Micrococcus
Ulva lactuca Linn
A . macleodiiK 4 X . sp . K 2 F . sp . K 3 A . SP . K 6
M . flavusK 1
M . flavusK 7
M . variansK 5
Ulva conglobata
Kjellm .
A . sp . K 9 , K 10
A . sp . Kll . K 12
A . sp. K 13 , K 14
A . sp . K 20
A . xerosisK 16
M . luteusK 15
M . luteusK 19
M . morrhuaeK 17
GreenAlgae( Chlorcphyta)
Codium cylindricumHolm .
P . nauticaK 35
X . sp . K 39
A . sp . K 36
A . sp . K 37
A . sp. K 38
A . xerosisK 34
M . sp . K 40
A . vagaK 8
Sargassumhemi -
phyllumC . Aq .




X . sp . K 58
F . sp . K 56
F . sp . K 61
F . sp . K 65





culosis( Dillw . )
Lyngb
A . macleodiiK 27 , K 47
A . vagaK 32
P . sp . K 23
P . sp . K 30
P . marinaK 21
P . marianK 28
X . sp . K 22
X . sp . K 24
X . sp . K 31
M . luteusK 25
M . sp . K 26
RedAlga(Rhodophyta)
Hypnea charoides
Lamouroux A . macleodiiK 48
P . sp . K 49 X . sp . K 46
X . sp . K 43
F . sp . K 50
A . sp . K 41
A . sp . K 42
A . sp . K 44
A . sp . K 45
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that they did not require Na+ for normal growth and thus
can be regarded as non-marine bacteria (Table 13). Thirty-
two strains could only grow in BM but not in medium (TIM
in which the Na+ was replaced by equimolar amounts of K.
This result indicated that these strains had an obligate
requirement for Na+ and can be considered as true marine ba-
cteria (Table 13).
3. Cellular Morphology (Figures 8to 65)
a. Cell shape, size and arrangement
Among the 58 strains, 10 were cocci while all the
others were rigid and straight rods. All of the
cocci were arranged in pairs, or in tetrads or
in aggregates. The rod-shaped strains K16, K34 and
K45 showed a wide range of length and long chains
of cells were found while growing in BM. Strains
K21 and K28 possessed the ability of rosette formation.
The motile rods usually arranged singly or sometimes
in pairs. Cell of strain K54 were usually embedded
in a thick mucilage. The non-motile rods (K3, K29,
K639 K509 K61 and K65), while in actively growing
Cultures, showed a tendency to form palisade arrange-
ment of cells. The general morphology of each strain
are listed in Table 14.
Table 13 Classification of Ileterotrophic Bacteria
on the Basis of Na+ Requirement
Marine Strains Non-marine Strains
Alteromonas macleodii Pseudomonas sp,
K30 K52K27 K48K47 K23K4
Alteromonas vaga Xanthomonps sp. Gp. 1
112 KdK24K8 K2
Yseudomonas marina Xanthomons sn. Gn. 2
K21 K28 K39 K46K31
Pseudomonas nautica Flavobacterillm fucaturn





Flavobacteriuqi sp. Micrococcus IIaVUc.
K7KIK56
Micrococcus ltiteusAch rornobacter sp. Gp.1
K25K6 K19K11K1n K15K9
K20K12 K14K13













Figs. 8-65 Cellular Morpthology_ of the Bacterial Strains
( Leifson Flagella Stains for the motile
strains and Gram stain for the non-motile










Figs. 14-15 Pseudomonas marina
strain K2114
strain R28Fig. 15


































Figs. 32-35 Acgromobacter sp. Group
Fig. 32 strain K41
Fig. 33
strain K42
Fig 34 strain K44
Fig. 35 strain K57
Fig. 36 Achromobacter sp. Group 2
strain K54
Figs. 37-39 Achromobacter xerosis
Fig. 37 strain K16
Fig. 38 strain K34
Fig. 39 strain K45
Figs. 40-42 Xanthomonas sp. Group 1
Fig. 40 strain K2
Fig. 41 strain K24
Fig. 42 strain K43
Figs. 43-48 Xanthomonas sp. Group 2




































Fig. 56 Micrococcus conglomeratus strain K64
Figs. 57-58 Micrococcus flavus
Fig. 57 strain K1
Fig. 58 strain K7
Figs. 59-61 Micrococcus luteus
Fig. 59 strain K15
Fig. 60 strain K19
Fig. 61 sttain K25
Fig. 62 Micrococcus morrhuae strain K17
Fig. 63
Micrococcus sp.
Figs. 64-65 Micrococcus sp.
Fig. 64 strain K26








Table 14 Morphological characteristics of theheterotrophic bacteria associated with marine algae




K4 - + Circular, entire, dirty white, transl- red singly,
uent, glistening, smooth, moist, sticky,0.5 x 0.9- 1.8 short chain
1.5- 2.0 mm
K27 - + Circular, with depressed centre, entire,rod singly, pair
greenish yellow, slightly translucent, 0.4 x 0.8- 1.2
moist, glistening, viscid, 3-4 mm
K47 - + Circular, undulate, amber, translucent, rod singly, pair
moist, glistening, viscid, 3.0 mm 0.4 x 0.5- 0.8 u
K48 - + Circular, entire, creamy, translucent, rod singly, pair
moist, glistening, viscid, 3.0 mm 0.3 x 0.5 1.0
Alteromonas
vaga
K8 - + Circular, entire, buff, translucent rod singly, pair
at periphery, moist, smooth, viscid, 0.5 x 1.5
1.5- 2.0 mrn
K32 - + Circular, flat top, undulate, flesh- rod singly, pair
buff, opaque, moist, glistening, 0.3 x 1.2
smooth, butyrous, 1.5- 1.8 mm
Pseudomonas
marina
K21 - + Circular, entire, amber, slightly rod singly,
translucent, smooth, glistening, 0.4 x 0.6- 0.9 rosette
viscid, 1.7- 2.0 mm
K28 - + Circular, entire, dirt white, opaque, rod singly,
moist, glistening, viscid, 2-3 mm 0.4 x 0.5 rosette
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Table 14 -- Continued




Circular, entire, creamy yellow, tran- rodK35 singly, pair
slucent, moist, smooth, viscid, 3-4 mm 0.5 x 1.0-2.1
P scud omonas
SP
Punctiform, entire, amber, opaque, dry, rod singly. paiK23
glistening, viscid, l.0 mm 0.5 x 0.7
K30 Circular, entire, ivory, opaque, dull, short rod singly, pair
dry, viscid, 2.0 mm 0.5 x 0.6
K49 Circular, entire, ivory, opaque, dr, rod singly, pair
glistening, viscid, 1.5 mm 0.3 x 0.5 u
K52 Circular, entire, ivory, opaque, moist, rod singly, pair
glistening, viscid, 1.5 mm o.6 x 1.1
Xantnomonas
sp. Group 1
K2 Circular, entire, dirt yellow, opaque, rod singly,
moist, glistening, viscid, 4 mm 0.5 x 0.7 short chain
K24 Circular, entire, dirt yellow, trans- large rod singly,
1.0 x 1.5 short chainlucent, smooth, moist, glistening,
butyrous, 2 mm
K43 Circular, entire, ivory, slightly tran- rod singly, pair





Punctiform, entire, bright orange,slig- rod sinjflyK62
htly translucent, dry, glistening, sticky, 0.4 x 0.6 p
0.8 mm
Circular, entire, yellow, opaque, dry, rod singly. tairrK31
glistening, viscid, 2 mm 0.5 x 0.8
K39 Circular, entire, dirt yellow, opaque, rod singly, pail
dry dull, viscid-, 1.5 mm 0.5 x 0.7 u
K4E Circular, entire,dirt yellow, opaque, rod singly, pairs
dry, glistening, butyrous, 1.5- 2. mm 0.5 x 0.7 ,M
K55 short rod sinEly, clumpsCircular, entire, yellow, moist, glis-
tening, membranous, 2 mm 0.5 x 0.5-0.6
K58 Circular, entire, yellow, opaque, dry, rod singly, pairs
glistening, viscid, 2-3 mm 0. 5x 0.6 u
Flavobacterium
fucatum
K3 Circular, entire, dirt yellow, opaque, thin rod sing ly, pairs
moist, smooth, viscid, 2 mm 0.5 x 1.0 u
K29 Circular, entire, dirt yellow, slightly rod
singly, pairs
translucent, moist, smooth, viscid 2mm 0.5 x 0.8-1.0,
K6 Circular, entire, pale yellow, opaque rod
singly, pairs
dry, glistening, viscid, 1.5-2 mm 0.6 x 1.0 )u
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Figure 75 summaries the utilization of the nitrogenous 
compounds utilized by the bacterial strains.
j) Aliphatic amino acids
Among the 19 amino acids tested, the roost frequently 
utilized were L-a1pha-alanine and L-glutamate (Figure 76). 
Others such as glycine, L-serine, L-threonine, L-leuc ine, 
L-isoleucine, L-lysine, L-arginine, L-ornithine, DL-cit- 
rulline, r-araino-butyrate and L-norleucine were also 
used by approximately half of the bacteria (Table IT).
L 一 cysteine was not utilized by any strains at all 
(Table 19).
Figure 76 summaries the utilization of the aliphatic 
amino acids utilized by the bacterial strains.
k) Amines
Among the several amines tested , putresc ine seemed 
to be the only one compound which could support the 
growth of a largo portion of the bacteria tested 
(Table 17). Ethanol amine was utilized by only a 
rather minor portion of the bacteria (Table  ^7) . It 
was found that benzylamine and hutylanine were not 
ua'vs by the bacterial strains (Table 19).
Figure 69 summaries the utilization of the amines 
utilized by the bacterial strains.
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Table 14-- Continued
signlyrodSpreading, yellowish white, moist,K37
viscid 0. 4 x 0.8 -1.2
singlyrodSpreading, yellowish white, moist,K38
viscid 0.5 x o.6-1.0
singlyrodSpreading, yellowish white, moist,K41
viscid 0.5 x 0.6
rod singlySpreading, yellowish white, moist,K42
viscid 0.4 x 0.5
Spreading, yellowish white, moist, rod singlyK44
0.5 x 0.7-1viscid
rodSpreading, yellowish white, moist, singlyK57
viscid 0.4 x o.6-o.8
Acnromooaczer
sp. Group 2.
K54 Circular, with flat top, undulate, buff, short rod singly, pairs




K16 Circular-ellipsoid, opaque center, long thin rod, singly,
undulate, dirt white, opaque, tran- flexible, chains
slucent periphery, rough, moist,3-5 mm 0.9-1.5-2.2
K34 Circular with radical ridges, undulate long rod, singly,
dirt white, opaque, rough, dry, dull, flexible, chains
butyrous, 6-8 mm 0.5 x 1.2-2.0
K45 Circular-ellipsoid, with radical ridges, long rod, singly,
undulate, dirt white, opaque, rough, flexible, chains
dry, butyrous, 4-5 mm 0.7 x 1.0-2.8,
Micrococcus
conglomeratus
K64 Circular, entire, dirt yellow, opaque, COCCUS singly,





Circular, entire, yellow, opaque, smooth, coccus singly, pairs,Kl
tetrads0.8moist, glistening, viscid, 3.5 mm
Circular, entire, yellow, opaque, moist, coccusK7 singly, pairs,




Circular, entire, dirt yellow, opaque, dry, coccus singly,K15
glistening, viscid, 2-3 mm clustersO.8
K19 Circular, entire, ivory, opaque, smooth, coccus singly, pairs
moist, viscid, 2-3 mm 1.0
K25 circular, undulate, yellow, opaque, dry, coccus sinoly, pairs
glistening, butyrous, 1.5 mm clusters0.8
Micrococcus
morrhuac
K17 Circular, entire, orange, opaque, smooth coccus pairs, tetrads





Circular, entire, lemon yellow, opaque coccus pairs, tetrads




Circular, with radical ram, entire, orange coccus singly, pairs
opaque, dry, rough, butyrous, 2-5 mm
0.8,
K40 Circular, entire, greesish yellow, opaque, coccus pairs, tetrad s
smooth, moist, viscid, 2-3 mm
0.5
b. Motility (Table 14)
All the cocci did not have any flagella while 40
rods (68.97% of the total strains) were motile and
another 8 strains (K3, K29, K50, K61, K63, K65, K54
and K56) were non-motile. All the motile strains showed
active movement in young cultures. However their motil-
ity was weaken and virtually lost in 7-day old cultures.
c. Flagella (Table 17)
Among the motile rods, 18 strains (45% of the motile
rods) had peritrichous flagella while 22 strains (55%)
had polar-monotrichous flagella. Strains K21 and K28
had polar-tuft flagella. Except strain K16, K34 and K45,'
all the peritrichous rods lost their lateral flagella
easily during the process of flagella staining. Thus
sometimes they were mistaken as monotrichous rods.
d. Gram Stain (Table 14)
All the cocci were Gram positive while all the rods
were found to be Gram negative.
4. Colonial Morphology (Table 14)
Except for the slow growers (K54 and K56), all the
strains were observed for their morphological characters
after 24 hours' incubation on agar plates. Fifteen rod-
shaped strains (K6, K9, K10, K11, K12, K13, K14, K20,
63
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K36, K37, K38, K41, K42, K44 and K47) were found to have
spreading growth and did not form any single colonies.
All of these strains also produced a cell-associated yellow
pigment. Other pigment-producing rods were: K27 (greenish
yellow), K35 (creamy yellow), K22 (orange), K55 (yellow),
K56 (orange), K2 (dirt yellow), K24 (dirt yellow), K31
(yellow), K39 (dirt yellow), K58 (yellow), K3 (dirt yellow),
K29 (yellow), K63 (pale yellow), K61 (dirt yellow) and
K65 (dirt yellow). Among the 10 coccoid strains, 9 were
found to produce cell-associated pigments. They were: K64
and K15 (dirt yellow) K1, K7 and K25 (yellow) K17 and K26
(orange); K40 (greenish yellow) and K5 (lemon yellow).
Table 15 summaries the general morphological characters
of all the strains isolated from marine a1gae
5. Biochemical Characterization: The bacterial strains
were grouped according to their morphological, physiolo-
gical and biochemical characters (Table 17).
a. Fermentation of Glucose (Table 17)
Glucose was fermented by 15 strains which was
25.8% of the total strains. No visible gas was
produced by the glucose fermenter, instead, they
produced turbidity throughout the F-I and F media
and lowered the pH of the media from 7.5 to 5.6-6.9.
Table 15 Characteristics of the heterotrophic bacteria





10Total number of bacteria 14 34
Gram 10
Gram- 3414
12Polar f laffellum(a) 10
Peritrichous flagella 18
Non-flagellated 62 10
10Strict aerobes 14 19
Facultative anaerobes 15
Table 16 Extracellular enzmesroduction









These strains were facultative anaerobes. The remaining
strains (74.2%) did not ferment glucose at all. This non-
fermentative group included 33 rods and all the cocci.
They were thus defined as strict aerobes since they could
utilize glucose aerobically. All the glucose-fermenters
belonged to the genus Achromohacter..
b. Production of FxtraePl lular Enzymes (Table 16)
1. The ability to produce gelat inase, amylase and lipase
of each strain was listed in table 16 which showed
the number of positive and negative strains of the
production of ext racellular enzymes
2. alginase: Among all the strains, only strains K4 and
K27 were found to produce alginase.
3. chitinase: None of the strains studied could hydrolyse
chit in.
c. Nitrogen Metabolism (Table 17)
Among all the strains, a total of 33 strains could
reduce nitrate to nitrite while 25 strains did not show
this ability. All the facultative anaerobes (glucose
fermenters) were found to possess the ability of reducing
nitrate to nitrite.
d. Oxidase (Table 17): Only 13 strains were found to imduce
oxidase. The remaining strains all showed negative results.
e. Catalase (Table 17): All the glucose-fermenters (Achro-
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Table 17 ： Morphological, physiologicaland nutritional properties of the bacterial strains
Trait Alteromonas Alteromonas Pseudomonas Pseudomonas Psaudomonas sp . Xanthomoas sp .
macleodii vaga marina nautica Group l .
K 4 K 27 K 47 K 48 K 8 K 32 K 21 K 28 K 35 K 23 K 30 K 49 K 52 K 2 K 24 K 43
Flagellationm m m m m m pt pt m pt m m m m m m
Norphologyr r r r r r r r r r r r r r r r
Growth Factor
Requirement














N - Acetyl- glu -
cosamine
D - Arabinose
L ( + ) - Arabin-
ose
D ( + ) - Cello-
biose
Dulcitol
D ( - ) - Fructose






+ = growh; - = no growth; m = montrichous; p = peritrichous; pt = polar, tuft ; r = rod ; c = coccus;
a = acid production; k = alkalinereactwion; pe = peptonization.
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Trait Alteromonas Alteromonas Pseudomona Pseudomonas Pseudomonas sp. Y,anthor_s spy
macleodii vaga marina nautica Group 1.



































Xanthomonas sp. Flavobacterium Achromobacter sp.
Trait Group 2. f ucat m lutescens sp. roup 1.
K22 K31 K39 K46 K55 K58 K3 K29 K63 K50 K611 K65 K56 K6 K9 K10 Kll K12 K13 K14 K20 K36
m m m m m m P P p p p p p p pFlagellation
r r r r r r r r rr r r r r r r r r l r r r I rMorphology
11Growth Factor
Requirement




























Xanthomonas sp. Flavobacterium Achromobacter sp.
Trait Group 2. fucatum lutescens sp. Group 1.
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Xanthomonas' sp. Flavobacterium Achromobacter sp.
Trait Group 2. fucatum lutescens sp. Group 1.



































Spnuae varianAflavus luteusxerosis menGp.2I Group 1.Trait K26 k46Kl K7 K15 K19 K25 K17 K55K37 K38 K41 K42 K44 K57 K54 K16 K34 K45 K64
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Fig.6a The nmr spectrum of 1,2-diphenyl-1,2-di-(3,4-xylyl)ethane.,
(mixture of stereoisomers)
Achromobacter Micrococcus
Trait Group 1. Gp,2 xerosis mer us flavus luteus 1varian sp.
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mobacter sp.) did not produce catalase. Among the marine
bacteria, there were 9 strains which were catalase negative.
The remaining bacterial strains could all produce catalase.
6. Nutritional Studies of the bacterial strains
A. .Urowth Factor requirements of the bacterial strains
Although some of the isolated strains grew well
in basal medium containing either Na+ or K+, some
others required additional organic growth factors.
Eighteen strains (K2, K8, K15, K16, K19, K21, K24,
K25, K26, K27, K28, K34, K40, K43, K45, K55, K64,
and K65) only grew in basal medium supplemented with
yeast extract. Another 4 strains (K22, K32, K54 and
K56) required peptone in addition to yeast extract.
All these strains were auxot roph is bacteria..
B. Utilization of carbon compounds by the bacterial
strains as carbon and energy sources
Table 17 summaries the utilization of 119 carbon
compounds by the 58 strains. These carbon compounds
were of 12 groups, namely carbohydrates, fatty acids,
dicarboxylic acids, hydroxyacids, organic acids, alcohols,
non-nitrogenous aromatic and other cyclic compounds,
polyalcohols and glycols, nitrogenous compounds,
aliphatic amino acids, amines, and amino acids and
related compounds containing a ring structure.
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a) Carbohydrates
D-Glucose was found to be utilized by all the
bacterial strains (100%); D-(-)-fructose, maltose and
D(*)-mannose were utilized by 90-99% of bacteria, and
Galacturonate was utilized by 80-89% of bacteria (Table
ls). It was also found that only strains K27 and K54
did not utilize D(-)-fructose; strains K54 and K61 did
not utilize maltose, and strains k72, k32 and K54 did
not attack mannose (Table 20). Carbohydrates which were
less frequently attacked included salicin, dulcitol,
raffinose, itaccnate, saccharate (Tabale 17). Inulin
was wtilized by less than 10% if the vacterial strains
(Table 19).
Figure 66summ ries the utilization of various
carbohydrates by the bacterial strains.
b)Fatty caids
It was found that 80-89% if the bacteria utilized
acetate, buttrate, caprate, caproate, propionate and
ralerate as carbon and energy sources. Nore than 50%
or the total bacterial strains could utilize these 8
fatty acids as substrates(Table 18).
Figure 67 summaries the utilzation of the fatty
acids by the bacterial strains.
c)Ducarboxylic acids
Succinate and fumarate were found to be utilized
by 80-89% of the bacterial strains (Tabale ls). Two
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Figure 75 summaries the utilization of the nitrogenous 
compounds utilized by the bacterial strains.
j) Aliphatic amino acids
Among the 19 amino acids tested, the roost frequently 
utilized were L-a1pha-alanine and L-glutamate (Figure 76). 
Others such as glycine, L-serine, L-threonine, L-leuc ine, 
L-isoleucine, L-lysine, L-arginine, L-ornithine, DL-cit- 
rulline, r-araino-butyrate and L-norleucine were also 
used by approximately half of the bacteria (Table IT).
L 一 cysteine was not utilized by any strains at all 
(Table 19).
Figure 76 summaries the utilization of the aliphatic 
amino acids utilized by the bacterial strains.
k) Amines
Among the several amines tested , putrescine seemed 
to be the only one compound which could support the 
growth of a largo portion of the bacteria tested 
(Table 17). Ethanol amine was utilized by only a 
rather minor portion of the bacteria (Table 17) . It 
was found that benzylamine and hutylanine were not 
ua'vs by the bacterial strains (Table 19).
Figure 69 summaries the utilization of the amines 
utilized by the bacterial strains.
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Figure 75 summaries the utilization of the nitrongenous
compounds utilized by the bacterial strains.
j)Aliphatic amino acids
Among the 19 amino acids tested, the most frequently
utilized were L-alpha-alanine and L-glutamate (Figure 76)
Others such as glycine, Lserine, L-thereonine, L-leucine,
L-isoleucine, L-lysine, L-arginine, L-ornithine, DL-cit-
rulline, r-amino-butyrate and L-norleucine were also
used by apprixunateky half of the bacteria (Tabke 17)
L-cysteine was not utilized by any strains at all
(Table 19).
Figure 76 summaries the utilization of the aliphatic
amino acids utilized by the bacterial strains.
k)Amines
Among the several amines wested, putrescine seemed
to be the only one coompound which could support the
growth of a large portion of the bacteria tested
(Table 17). Ethanol amine ws utilized by only a
rather minor portion of the vbacteria (Table 17). It
was found that benzaylanine and butylanine were not
uaws by the bacterial strains (Table 19).
Figure 69 summaries the utilization of the amines
utilized by the vacterial strains.
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Amino acids and related compounds containing a ring
structure
In this group, L-proline (Table 17) and L-histidine
(Table 17) were the two major utilizable compounds.
DL-phenylanine was also utilized by some strains.
However, DL-tryptophan, m-NH2-benzoate and p-NH2-
benzoate were not utilized by any of the bacterial
strains (Table 19).
7. Antibiotic Sensitivity Test
A total of ten antibiotics were employed as to
detect the susceptibility of the bacterial strains.
It was found that a large proportion of the bacteria
were susceptible to the 10 antibiotics tested, among
which neomycin and chloramphenicol were found to be
most effective since they inhibited the growth of
all the bacterial strains (Table 17). Other anti-
biotics were, in order of effectiveness in inhibit-
ing bacterial growth, tetracycline, streptomycin,
bacitracin, aureomycin, penicillin, terramycin, poly-
myxin B and tyrothricin. Tyrothricin was the least
effective antibiotic for the inhibition of bacterial
growth. Tetracycline inhibited the growth of most
bacterial strains except strains K52, K58 and K63
(Table 17).
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Fig. 68 Utilization of dicarbcxvl is acids











Fig. 69 Utilization of amines
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Fig.73 Utilization of non-nit rogonous aromatic and
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Utilization of nitrogenous compoundsFig. 75
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Fig 76 Ctilization of aliphatic amino acids




















Utilization of amino acids & related compoundsFig. 77
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Carbon compnnds ut ilized byFir. 79
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Fig. 80 Nutritional versatility of the strains stuai a
Xanthomonas sp.K22,K31,K39,K46,K55 & K58
Xanthomonas sp.K2,K24 & K43
Pseudomonas ap.Pseudomonss marinaPseudornonas nautica K35
K21 & K28K49
Paeudornonas sp. K23, K30,K49 & K52
Micrococcus flavusMicrococcus luteus
Kl & K7IK15,K19 % K25
Micrococcus varians Micrococcus morrhuaeMicrococcus conglomeratus
K17K26 & K40 K5
Micrococcus sp.
Flzycb.ncteri_um fucatum Flavobacterium 1ut.esceneFlavobac ter ium sp.
K56
K50,K61 & K65K3.K2 & K63
Alteromonas vaga K8 & K32Al teromonag rnacleodii
K4 ,K27, K47 & K48
Achromobac ter xerosis
K16,K34 & K45
Achromobacter sp. Achromobacter sp. K44 & K5
K54 K9,K10,K11,K12,K13,K14,K20.K36,K37.K38.K41.K40
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Fibs. 81-84 Action of antibiotics on the bacterial strains
Pseudomonas marina K2881 a-bFigs.
Achromobacter sp. K682 a-bFigs.




a streptomycin( 1 mg)
b bacitracin( 10 units)
c penicillin( 10 units)
d aureomycin( 10 mcg)
e terramycin( 10 mcg)
chloramphenicol( 1 mg)f
polymyxin B( 1 mg)g
h tyrothricin( 1 mg)















































All the cocci were susceptible to the 10 anti-
biotics tested, except that a few of them (K1, K59
K15 t K17 K25 and K4O were resistant to polymyxin B
(Table 17). Most of the non-motile rods were re-
sistant to terramycin and polymyxin B at the concen-
trations tested.
Tyrothricin, polymyxin B and terramycin were
found to be. less effective in inhibiting the growth
of polar flagellated rods. The inhibitory action
of the 10 antibiotics on 4 selected strains (K3, K6,
K15 and K28) were shown in figures 81a-b, 82a-b, 83
a-b and 84a-b). Different strains showed different
degree of resistance to the antibiotics tested even
though they belonged to the same genus any' same
QnpnipQ
8. Range of growth temperature
Most of the bacterial strains had an rather wide
range of growth temperature and could grow at temp-
eratures between 10°-40°C (Table 17). However, none
of the cocci and only a few rods could grow at elev-
ated temperature at 45°C (Table 21). On the other
hand, most of the coccoid strains (K1, K15, K17 t Ki 9,
K25, K26 and K64) and 11 rods grew well at low temp-
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Table 20 Bacterial strains which do not utilize the





mannose K27 K32 K54
K7 K22 K29 K 3 5glycerol




45°C K6 K9 K16 K20
K34 K45
K1 K15 K17 K2 K3 K24 K39
,5u C
K19 K25 K26 K43 K49 K50 K52
K64 K61 K63 K65
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perature of 5C (Table 21).
9. Generic and species assignment of the bacterial strains
On the basis of general morphological, physiolo-
gical and nutritional properties, the 58 bacterial
strains are assigned to six genera: Alteromonas,
Pseuidomonas, Flavobacterium, Xanthomonas, Achromo-
bacter and Micrococcus (Table 17).
1. Alteromonas
There are six strains assigned to this group
(Table 17). All the strains are motile by means
of single polar flagella and are straight rods.
All the strains do not ferment glucose and cannot
reduce nitrate, nor do they hydrolyse chitin. Only
two strains have an extracellular alginase. All
of them utilize D(+)-cellobiose, D-glucose, D(+)-
lactate, maltose, butyrate, caprate, isobutyrate,
propionate, valerate, caproate, glycerol and L-
alpha-alanine as carbon and energy sources. They
do not utilize inulin, adipate, azelate, maleate,
oxalate, pimelate, citraconate, laevulinate, adon-
itol, sarcosine, hippurate, acetamide, nicotinate,
L-lysine, DL-citrulline,, DL-aminobutyrate, L-cys-
teine, DL-tryptophan, m-amino-benzoate and p-amino-
benzoate. All the strains are susceptible to
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streptomycin, tetracycline and chloramphenicol, but resist-
ant to tyrothricin and penicillin,. The optimum growth temp-
eratures range from 30° to 35°C.
On the basis of nutritional requirements, these six
strains can be assigned to two-species: Alteromonas macleodii
(K4, K279 K47 and K48) and Alteromonas vaga (K8 and K32)
which can be separated on the basis of their ability to produce
gelatinase and amylase, and to use D-arabinose, ducitol,
itaconate, raf f inose, saccharate, fumarate, suberate, glycerate,
malate, aconitate, itaconate, alpha-ketoglutarate, Ethanol,
isopropanol, isobut anol, propyleneglycol, sorbs tol, pent j o-
thenate, betaine, D-alpha-alanine, Beta-alanine, L-threo-
nine, la rgan ien, L-orni th ine, L-h i st id ine, e thanolamine and
r-aminobu.ityrate. The former species are not able to
utilize these carbon compounds while the latter shows positive
utilization. The two strains assigned to Alteromonas vaga
can utilize certain alcohols while strains of Alteromonas
macleodii do not possess this ability at all.
All the strains assigned to this genus are marine
bacteria which have an obligate requirement for Na+ (Table
13).
2. Pseudomonas
A total of 7 strains (K21, K28, K35, K49, K30, K52
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and K23) are assigned to this genus. All of them are straight
rods and motile by means of single polar flagella except
strains K21 and K28 which possess polar-tufted flagella.
All of them do not ferment glucose nor reduce nitrate.
None of them produce chit inase and alginase. However,
some may .produce extracellular amylase, gelatinase and
lipase. All the strains utilize D(-)-fructose, D-glucose,
maltose, D(+) -mannos e, butyrate, caprate, caproate,
propionate, fumarate, succinate, beta-OH-butyrate, citrate,
L-alpha-alanine, ethanolamine, L-proline, DL-phenylamine
as carbon and ener sources (Table 17).
The optimum growth temperature for this group is found
to be around 30°C C. Two strains (K23 and K49) fail to grow
at 35°C. However, strain K30 grows well at higher temperat-
ure at 40°C. Most of the strains cannot grow at temperatures
below 10°C (Table 17).
On the basis of Na- requirement and other characteristics,
these 7 strains can be further divided into 3 groups:
Pseudomonas marina (K21, K28), Eseudomonas nautica (K35)
and the group Pseudomonas sp. which includes strains K23,
K30, K49 and K52. The major characterizations of these three
groups are:-
1). Pseudomonas marina (K21 and K28)
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These are marine bacteria having obligate requirement
for Na' (Table 13). These strains are polarly flagellated
with 4 flagella. Both of them require growth factors.
They do not produce amylase, lipase and gelatinase nor do
they reduce NO3 to NO2. They utilize N-acetyl-glucosamine,
D-arabinose, L(+)-arabinose, D(+)-cellobiose, D-galactose,
D-ribose, D-xylose, azelate, glycollate, DL-lactate, malate,
p-OH-benzoate, phenylacetate, glycerol, adonitol, mannitol,
D-alpha-alanine, beta-alanine, L-threonine, putrescine,
histidine and DL-phenylalanine. However, they do not utilize
gluconate and aconitate (Table 17).
2). Pseudomonas naut ica (K35)
K35 is a marine strain (Table 13) with monotrichous
flagellum. It produces amylase, lipase and gelatinase.
Nitrate is being reduced to nitrite. Strain K35 utilizes
N-acetyl-glucosamine and aconitate but not D-arabinose,
L(+)-arabinose, D(+)-cellobiose, D-galactose, gluconate,
D-ribose, D-xylose, azelate, glycollate, DL-lactate,
malate, p-OH-benzoate, phenylacetate, glycerol, adonitol,
mannitol, D-alpha-alanine, beta-alanine, L-threonine,
putrescine, histidine, and DL-phenylalanine (Table 17).
3). Pseudomonas sp. (K23, K30, K49 and K52)
Except strain K49 which is a marine bacterium
(Table 2), all the other 3 strains do not require Na+
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for growth. They all have monotrichous flagellum. They
produce gelatinase, and do not utilize N-acetyl-glucosamine(Table17)
3. Xanthomonas
A total of 9 strains (K2, K249 K229 K317 K399 K439
K46, K55, K58) are assigned. to the genus Xanthomonas
according to their morphological, physiological and
nutritional characters. All the strains are motile rods wi-
th polar flagellum and they produce cell-associated
yellow or orange pigments. Strain K2, K24 and K43
require additional growth factors for optimum growth
while the remaining 6 strains grow well in basal media.
They do not ferment glucose. A few of them show an
alkaline reaction or peptonization with litmus milk.
Except strain K22, all the strains produce catalase.
A majority of the strains produce gelatinase and amylase,
but none of them has chitinase and alginase. All the
strains utilize D(-)-fructose, D-glucose, maltose and
mannose.
However, none of the strains utilize inulin, itaconate,
saccharate, glutarate, malonate and oxalate. All the
strains are found susceptible to chloramphenicol, neomycin,
bacitracin and penicillin, but are more resistant to
terramycin and polymycin B. Optimum growth occurs at
0
30 0 C' 5 C. On the other hand, most of them can grow
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at 10°c.
On the basis of nutritional requirements, these 9
strains can be separated into 2 groups. Group I consists
of strains K2, K24 and K43, while group 2 consists of strains
K31, K39, K46, K55, K48 and.K22. However, it is not
possible to assign these strains to species level at the
present moment.
Group 1: (K2, K24 and K43). 'They require growth factors
for growth. They do not show any reaction with litmus milk
and they do not produce amylase nor do they utilize D(+)-gal-
actose, glticonate and melibiose (Table 17).
Group 2: (K22, K319 K39, K46, K55-and K58). The
most effective distinguishing character between Group I and
this group is that the latter utilize D(+)-galactose. A
majority of the strains in this group also gluconate and
melibiose (Table 17).
All of the Group I strains and most of the Group 2
strains are non-marine forms while only strains K22 and
K55 in group 2 have an obligate requirement for Na (Table
13).
4. Flavobacterium
A total of 7 strains (K3, K29, K50, K56, K61, K63
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and K65) are assigned to this genus. All the strains are non-
motile rods. They produce cell-associated dirt yellow, yellow
or orange pigments. None of them ferment glucose. Five
strains (K3, K50, K61, K63 and K65) show alkaline reaction
with litmus milk. All of them produce gelatinase, and
some of them produce amylase and/or lipase. Most of the
strains utilize L(+)-Arabinose, D-Arabinose, D-Xylose,
succinate, phenylacetate, p-hydroxybenzoate, creative,
L-alanine, L-histidine, L-proline and DL-phenylalanine.
Galacturonate, acetate, butyrate, caprate, valerate,
beta-OH-butyrate, DL-lactate, malate, alpha-ketogltitarate
ethanol, and' n-propanol are utilized by all the strains of
this genus (Table 17).
All the strains Are found to be susceptible to penicillin,
bacitracin, neomycin and chloramphenicol, and except strain
K56, all other strains are susceptible to streptomycin.
The optimum growth temperatures of these strains seem
to vary a great deal.
At present, it is not .possible to assign any of the
strains to species level. Thus this is a very heterogenous
group. Except strain K56, all other strains do not have
sodium requirement for growth (Table 13).
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5. Ach romoba c t e r
This genus includes 15 strains which produce spreading
colonies and 4 strains producing regular, isolated col-
onies. Except strain K54 which is non-motile, all the
.other strains are motile rods with peritrichous flagella.
One unique character of these 19 strains is that they are
true marine bacteria, having obligate sodium requirement
forrowth (Table 2).
These 19 strains can be divided into 3 groups .(Table 17):
.1). Achromobacter sp. Group J. (15 strains)
2). Actiromobacter sp. Group 2 (1 strain)
3). Achromobacter xeross.is3 strains)
Achromobacter sp. (Group 1)
The 15 strains (K6, K9, K10, K11, K12, K13, K14,
K20, K36, K37, K38, K41, K44 and K57) assigned to .Group I
are bacteria producing swarming and spreading -colonies.
Due to their spreading growth on agar surface, it is
quite difficult to define the -morphological characteristics
of their colonies although some general observations on
them are quite distinctive (Table 14). All strains produce
a cell-associated yellow pigment.
Achromobact er xe-ros is
Three strains (K16, K34 and K45) are assigned to Ach
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romobacter zeros is. Strains of this group are similar to
those of Group I in that they produce extracellular gelat-
inase and amylase but not chitinase and alginase. Both
group can reduce nitrate to nitrite and can utilize N-acetyl-
glucosamine, D(-)-fructose, galacturonate, gluconate,
maltose, D(+)-mannose, D(-)-ribose, sucrose, trehalose,
succinate, DL-lactate, malate, glycerol, mannitol, L-alpha-
alanine, acetate, butyrate, caprate, caprylate, propionate
and valerate as carbon and energy 'sources. On the other
hand, there are a number of phenotypic differences between
these two groups. Group I produces ye l low pigmented, spreading
colonies while all strains of A. xerosis produce white or
opaque, isolated colonies. Strains of A. xerosis can further
reduce nitrite to nitrogen (denitrification) while Group I
strains do not possess this ability. Strains of Group I
ferment glucose and utilize L-histidine while strains of
A. xerosis do not ferment glucose and cannot utilize L-
his t idine. Catahse is found to be present in all strains
of 'A. xerosis but not in Group I strains, also strains of
A. xerosis show an alkaline reaction in litmus milk while
no reaction is observed with the Group 1 strains. Finally
strains of A. xerosis, but not Group I strains, can utilize
adipate, citraconate and valine as carbon and energy sources.
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Achromobacter sp. (('Troup 2)
This group consists of only one strain (K54) which
is the only non-motile strain in the genus Actiromobacter.
Strain K54 possesses amylase but not other extracellular
enzymes. This strain can utilize some of the carbon compounds
such as L-rhamnose, saccharate, salicin, D(+)-xylose, glutarate,
putrescine and L-proline which are rarely utilized by other
bacterial strains isolated in this study. However, this
strain is also found to be quite inert to most of the carbon
compounds tested.
All the strains assigned to the genus Achromobacter
are found to be susceptible to streptomycin, tetracycline,
neomycin and chloramphenicol. In general, strains in Group 1,
are more resistant to penicillin and tyrothricin. Except
that there is no inhibition by bacitracin on strain K16,
all other tested antibiotics inhibit the growth of other
strains of A. xeros is. Strain K54 of Group 2 is the only
strain of which the growth is inhibited by all the antibiotics
tested (Table 17).
The growth temperatures for strains of Group I are
from 15 to 40°C for K54 of Group 2 are 15 to 35°C, and for
those in Group 3 are 15 to 45°C (Table 17).
6. Nlicrococcu s
A total o2 iu strains are assigned to this genus.
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Unlike the previous genera, this genus composes of Gram
positive, non-motile cocci which produce yellow, orange, or
ivory colonies. Cells of the strains are arranged in
pairs, tetrads or in irregular aggregates. None of the
strains ferment glucose. All strains are found to have
catalase but not oxidase. Except strains K5 and K17,
all others produce gelatinase, and none of the strains
produce alginase. In addition to glucose, all of the strains
utilize fumarate and succinate. Most of them utilize glycerol
and mannitol but not N-acetyl-glucosamine, salicin, glyco-
hate and Beta--hydroxybutyrate (Table J7).
Miccrococcus conglomeratus
K64 is the only strain assigned to this species.
It is an auxotro phic strain which requires growth factors
and does not react with litmus milk. It produces gelat-
inase but not other excellular enzymes. Nitrate is
reduced to nitrite by this strain. Among the 119
carbon compounds tested, K64 utilizes only 20 of them
as carbon and energy. so.-lrces. These compounds include
dulcitol, D-(-)-fructose, galacturonate, giticonate,
D-glucose, maltose, D(+)-mannose, D(+)-xylose, acetate,
butyrate, isohultyrate, propionate, valerate, fumarate,
succ inate, citrate, pyruvate, n-propanol, glycerol and
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mannitol. This strain is found to be susceptible to all
the 10 antibiotics tested. It can grow at temperature as
low as 5°C but not at temperatures higher than 40°C.
Micrococcus flavus
This species includes 2 strains (K1 and K7) which
have ge lat inane and lipase but do not produce ch it inane
and alginase. Nitrate is not reduced by these two strains
Strain K7 shows alkaline reaction and peptonization
in litmus milk while no reaction is observed with K1.
They utilize L(+)-arabinose, D(+)-cellobiose, D(-)-$uct-
ose, galacturonate, D-glucose, maltose, D(+)-mannose,
L(-)-sorbose, sucrose, and all the tested fatty acids
including acetate, butyrate, caprate, caproate, capry-
late, isobutyrate, propionate and valerate. They also
utilize fumarate, succinate, suberate, DL-lactate and
a number of alcohols such as ethanl, n-propanol, n-butanol
and isopropanol. Phenylacetate, D-alpha-alanine,
i-aminobutyrate, putrescine, histidine and DL-phenyl-
alanine are also utilized. They are susceptible to
all the 10 antibiotic.s tested but seem to be less
susceptible to polymyxin B. Strain Kl can grow at 40°C
but not at 10°C whereas K7 can grow at 10°C but not at
40°C. Another distinguishing trait between them is that
V has an excellular amylase which is lacking in K1.
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Mic rococcus luteus
This species includes 3 strains (K15, K19, and
K25). All of them require growth factors. They produce
gelatinase but not amylase, chitinase, alginase and
lipase. They cannot reduce nitrate. Only a few
carbohydrates are utilized by all the 3 strains. These
are D(-)-fructose, galacturonate, D-glucose, maltose
and D(+)-mannose. Among the fatty acids tested, all
the 3 strains can utilize cproate. Strain K25 can utilize
propionate and valerate additionally. On the other hand,
strains K15 and K19 can utilize acetate in addition to
caproate. All 3 strains attack fumarate, succinate,
DL-lactate, pyruvate, glycerol and mannitol. Strains
K15 and K19 can utilize L-proline while strain K25
cannot. All 3 strains are susceptible to all the 10
antibiotics tested except that strains K15 and K25 are
resistant to polymyxin B. All 3 strains can grow at
low temperature at 5°C C. However, strains K15 and K19
do not grow at 400C at which K25 still grows very well.
Strain K15 shows acidic reaction in litmus milk while the
other two strains do not show any reaction.
hticrococcus morrhuae
Only strain K17 is assigned to this species. K17
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shows alkaline reaction with litmus milk. This strain does
not produce gelatinase, chitinase and alginase. However, it
produces amylase and lipase, and can reduce nitrate to
nitrite. K17 can utilize most of the carbohydrates tested
except N-acetyl-glucosamine, ducitol, inulin and L(-)-sorbose.
It utilizes 6 out of 8 fatty acids including acetate,
caprate, caproate, caprylate, propionate and valerate.
It can also utilize adipate, azelate, fumarate, malonate,
pimelate, succinate, suberate, DL-glycerate, beta-hydroxy-
butyrate, DL-lactate, malate, aconitate, citrate, alpha-
ketogltitarate, pyruvate, ethanol, n-propanol, benzoylformate,
p-hydroxybenzoate, phenylacetate and even phenol. Ethyl-
enegl ycol, propyleneglycol, glycerol, mannitol, meso-inos itol,
sorbit of, creatine, hippo rate and betaine are also being
utilized. Among the amino acids tested, glycine, L-alpha-
alanine, L-serine and L-lysine, r-NH2-butyrate, ethanolamine,
put, rest ine, L-h is t id ine, L-proline and DL-phenylalan ine
are attacked by this strain. Except resistant to polymyxin B,
K17 is susceptible to all the other 9 antibiotic tested.
It can grow at temperature as low as 5°C C. Strain K17 differs
from all other strains assigned to Micrococctts by its ability
to utilize salicin.
Micrococcus varians
Strain K5 is the only strain belongs to this species.
This strain does not require growth factors. The most
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unique and differential feature of this strain is that
gelatinase, amylase, chitinase, alginase and lipase are
not produced. Nitrate is not reduced. It utilizes age
numbers of carbohydrates except N-acetyl-glucosamine, itacon-
ate, D(+)-lactose, raffinose, saccharate and salicin. It
also utilizes butyrate, caproate, isobutyrate, propionate,
valerate, fumarate, succinate, DL-lactate, L(+)-tartrate,
malate, aconitate, citrate, alpha-ketoglutarate, pyruvate,
n-propanol, isobutanol and is opropanol.
Also this strain utilizes p-hydroxybenzoate, phenylace-
tate, phenol, propyleneglycol, glycerol, mannitol, meso-
inositol, sorbitol and penthothenate. Among the amino acids
tested, D-alpha-alanine, L-serine, L-glutamate, L-arginine
and L-ornithine are being utilized. Except being resistant
to polymyxin B, it is susceptible to the other 9 antibiotics
tested. Finally, it can grow between 10° to 35°C.
Micrococcus sp.
There are two strains (K 26 and K40) assigned to
this group which cannot be assigned to any species yet.
Both of these two strains require growth factors.
They produce geht inane and amylase. Both of them can
utilize D(-)-fructose, maltose and D(+) -mannose. Except
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that strain K26 cannot utilize caprylate, both of them
can utilize acetate, butyrate, caproate, caprate, isobuty-
rate, propionate and valerate. Fumarate, succinate, beta-
hydroxybuityrate, DL-lactate, aconitate and pyruvate are also
being utilized. StrainK40 can utilize methanol, ethanol,
n-propnaol, n-butanol and isobutanol but not isopropanol.
However, strain K26 cannot utilize any of the alcohols tested.
Strain K26 can utilize L-alpha-alanine, D-alpha-alanine,
L-threonine, L-isoleucine, DL-valine, L-proline, while
strain K40 can utilize ethanolamine and put rescine. Except
that strain K40 is resistant to Cpolymyxin B, both strains
are susceptible to all the other antibiotics tested. Strain
K40 grows well from 100 to 400C. Also strain K40 differs from
K26 in that it shows acidic reaction with litmus milk while
such reaction is not observed with 1(26.
10. Effect of sodium chloride on the growth of flip, marine
strains
Among the 58 bacterial strains isolated from various
marine benthic algae, 32 strains were defined as marine
bacteria since they had the requirement for sodium ion.
This portion of the study investigated the effect of
sodium chloride on the relative growth rates and yields
of 12 selected marine strains including K4, KS, K21, K22,
K27, K28, K32, K35, K47, K48, K49 and K54.
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Tile' marine medium (MM) contained 1%1 glucose as the
carbon and energy source. The relative growth rates and
Yields of the 12 marine strains grown in MM with various
concentrations of NaCI are showed from Fig. 85 to Fig. 96.
It was found that after, the bacterial cells of the
strains were inoculated into the media, lag periods
ranging from one to four hours were required before they
entered the exponential phase of growth. In certain cases,
a particular strain exhibited lag periods of same duration
in the media regardless of the contained Na+ concentrations
this included strains K22 (Fig. 91), K32 (Fig. 90), K27
(Fig. 88), K8 (Fig. 89), K54 (Fig. 96), K28 (Fig. 93)v
K21 (Fig. 94)t K48 (Fig. R6) and K49 (Fig. 95). However,
each of these strains showed different growth rates at the
beginning of the exponential phase in media containing
different concentrations of Na+. On the other hand, strains
K4, K35 and K47 exhibited different lad periods while
growing in media containing different concentrations of
Na+. The. shortest lag period of strain K4 was in medium
containing 200 mM NaCl, followed by those of 300 m1ki,
400 mM, j 0O mM, 50') mMi and 50 midi NaCl (Fig. 87). The
shortest lag period of strain K35 was found in medium
containing 300 mri NaCl, followed by those of 400 mM,
200 mM ,500mM,100 mM and 50 mM NaC1(Fig.92).In
121
strain K47, cells growing in medium containing 100 mM
NaC1 had the shortest lag period, followed by those in
media having 200 mM, 50 mM, 400 mM and 500 mMi NaCl.
Strain K22 showed fastest growth at 50 mM NaCl
(Fig. 91) strains K47 (Fig.- 85), K48 (Fig. 86), K49
(Fig r. 95) and K54 (Fig. 96) had their maximal growth
rates at 100 milt NaCl whereas maximal growth rate of K8
was at 100-200 mhi NaC l (Fig. 89).• Sodium chloride concent-
ration at 200 mM facilitated the fastest growth in strains K4
(Fig. S7), K21 (Fig. 94)t K28 (Fig. 93) and K35 (Fig. 92),
whereas strains K27 (Fig. 88) and K32 (Fig. 90) required
higher concentration of NaC1 (300-400 mri) for maximal
growth rates. The maximal growth rates of some strains
could be detected during the early exponential phase of
growth such as in K4 (Fig. 87), K47 (Fig. 85), K48 (Fig. 86),
K49 (Fig. 95), K32 (Fig. 90), K27 (Fig. 88), and KS (Fig. 89).
However, the maximal gro th rates of strains K21 (Fig. 94)t
K22 (Fig. 9119 K35 92)q K28 (Fig. 93) and K54 (Fig.
96) did not standout until exponential growth was well
underway.
After a few hours' exponential growth, some or all the
growth rates of a particular strain in media Davin!i different
concentrations of \a might become more or less similar to
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each others such as in the cases of strains K4 (Fig. 87),
K35 (Fig. 92), K22 (Fir,. 91), K49 (Fig. 95), K54 (Fig. 96)
and K47 (Fig. 85).
All the values for the growth yields have been
normalized by making the highest growth yield equal
to 100%. It was found that in some cases the concentration
of sodium chloride required for the maximal yield of a
strain was different from the conc-ent rat ion of sodium
required by the same strain for maximal growth rate.
Although these two required concentrations of NaCl for
a particular strain could be the same. Thus in strains
K21, K27, K28 (Fig. 97) K35 and K48 (Fig. 98), maximal
yields were obtained with 200 mM NaCl. Maximal yields of
K47 (Fig. 98), K4 and K8 (Fig. 97) were detected at 300 mM
NaCl whereas strain K32 required a high concentration
of NaCl at 400 mM for maximal yield (Fig. 9S), and K54
required .a low of 100 mM (Fig. 98). Some strains had a
wide range of sodium requirement for producing maximal yields
such as K49( 200-500 riM) and K22 (50-500 mM). In general
low concentrations of NaCl at 50-100 mM did not usually sup-
port the maximal yields of the strains whereas a concentration
between 200-300 mM was required by most of the strains for
maximal yields. Sodium concentrations higher than 300 r_mM
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were found to have inhibitory effect on' the growth of most
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1. Bacteria flora associated with marine benthic al ae
The heterotrophic bacterial strains isolated in
the present study (Table 1) as well as those isolated
by other workers (Chan and NtcManuts, 1967) indicate that
a more or less specific bacterial flora can be found
associated with a particular algal species. By employing
the blending method originally devised by Chan and
McManus (1967), a number of bacterial colonies are
obtained, although heat and mechanical injury during the
blending process as well as the inhibiting materials,
e.g. polyphenols excreted by the injured cells, may
decrease the survival of some bacterial species. However,
the method used in the present study is an improved
method for isolating bacteria from marine benthic algae.
Most of the strains isolated from the marine benthic
algae are pigmented (77.59%), motile (694), Gram negative
rods (82.76%). These characters of the bacterial flora
agree to a great extent with those reported by other
investigators (Chan and McManus, 1969). ZoBe l l (1946)
reported that 700 of the bacteria in seawater was chromo-
genic and 95% was Gram negative rods. Among the motile
rods, 95o or more are polarly flagellated (Leifson et al.,
1964 Chan and McManus, 1969). The present study finds
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that 22 strains are polarly flagellated, which constitute
approximately 55% of the motile rods (Table 4). The rest
of the motile rods are peritrichous (Table 4). All the
peritrichous rods belong to the genus Achromohacter. Except
3 strains, all others produce spreading colonies on agar
surface. Thus accurate qualitative selection of the
bacterial strains in this group seems to be quite difficult.
In addition, there are 8 strains of non-motile rods and 10 coce
oid strains.
The number of bacterial strains isolated from each of
the seven marine benthic algae are found to be different
(Table 1). Highest number of bacterial strains is found
associated with Fctocarpus siliculosus, while the lowest
with Sarassum hemihyl lum.
MacLeod (1965) classified the heterotrophic bacteria
of seawater into two groups by their Na+ requirement, the
true marine and non-marine bacteria. The marine rods have
been further subdivided into two groups, glucose fermentative
and glucose non-fermentative (Hugh and Leifson, 1953 Bauma-
nn et al., 1971). Fermentative marine rods could be assigned
to the genus Beneckea (Baumann et al., 1971). The non-fermen-
tative group includes I'selidomonas, Achromobacter, Alcal igenes,
Vibrio, Flavobacterium, Arthrobacter (Floodgate and Iiayes, 1963
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Cobet et al., 1970 Baumann et al., 1971) and Alteromonas
(Baumann, et al., 1972). In the present study, most of the
bacterial strains are glucose non-fermentative t while only
14 strains belong to the geniis Achromohacter are ferment-
ative.
Chan and McManus (1969) isolated and characterized 25
bacterial strains from the red alga Polysiphonia lanosa
and from the brown alga Ascophyllum nodosum by using traits
including carbohydrates utilization, oxidase test, hydrogen
sulfide production, agar digestion, temperature-growth
characteristics o amino acids and vitamins requirements
(auxotrophic) etc. Tfcy assigned the bacterial strains
to Vibrio, Flavobacter, Escherichia, Pseudomonas, Sarcina,
Staphylococcus and Achronrobacter in which the first two
were predominant. They also found that about 72% of the
bacteria flora were chromogenic. Berland et al., (1969)
isolated bacterial strains from marine diatoms and opined
strains in species of Pseudomonas, Vibrio, Agarbacterium,
Xanthomonas, Achrorrobacter, Flavobacterium, Micrococcus
and Staphylococcus. Strains and species of the genera
Pseudomonas, Flavobacterium and Achromobacter were most
dominant.. The classification was based on the morphological
characters, acidification of sugars, response to antibiotics,
and growth on Hugh and Leifson's medium, etc. Simidu et al.,
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(1971) isolated bacterial strains associated with marine
plankton. These strains belong to the genera Vibrio,
Aeromonas, Pseudomonas, Achromobacter, Flavohacterium,
Bacillus and Coryneba ct eri. um which were different from
those found in seawater. It is quite evident that specific
groups of bacteria could be found associating with
different marine organisms.
According to Bergey's Mannual for Determinative
Bacteriology and specific references on marine bacteria
(ZoBell and Uphamm, 1944 Breed et al., 1957 Shewan, 1963
Pfister and Burkholder, 1965 Gibbs and Skinner, 1966
Gibbs and Shapton, 1968 Mandel, 1969 Colwell and Wiebe,
1970 Whiteside et al., 1971 Blazevkc et al., 1975
Jurtshuk and McQuitty, 1976.)- as taxonomic keys, all the
bacterial strains have been assigned to a total of six
genera by morphological and physiological characteristics.
Six strains are assigned to Alteromonas (Baumann, 1972),
7 to Pseudomonas (Colwell and Liston, 1961 Stanier et al.,
1966), 9 to Xanthomonas. (Hayward, 1966), 7 to Flavobacterium
(Hayes, 1963 Floodgate and Hayes, 1963), 19 to Achromo-
baeter, and 10 to Miicrococcus (Hubalek, 1969). Achromobacter
(Ingram and Shewan, 1960) seems to be most predominant. This
may be due to the spreading and rapid growth of the colonies
which mask the growth of other group of bacteria on algal
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surface. There are many similar phenotypic traits between
strains assigned to Pseudomonas and those assigned to
Alteromonas.
It is evic'ent that most of the bacterial genera in
this study are similar to those reported by Chan and McManus
(1969) from benthic algae, those by Simidu et al. (1971) from
marine plankton and those by Berland e*t al. (1969) from
diatoms.. It is significant to point out that strains of
the genera Aeromonas and Vibrio which are found in other
studies are absent from the marine benthic algae.
A. Bacterial flora associated with the Green algae.
Strains of 'Micrococcus, Achromobacter, Flavobacter-
i_, Xanthomonas, and Alteromonas are isolated from
Ulva lactuca, On the other hand, only strains of
Micrococcus and Achromobacter are isolated from Ulva
conglobata. These two membranous green algae seem
to support the growth of a number of Micrococcus strains.
Since different groups of bacteria are isolated from
Ulva lactuca and Ulva conglobata, it is suggested that
these two species of Ulva have different associated bact-
erial flora. Similar to the two Ulva species, strains
of Achromobacter, Micrococcus, Xanthomonas and FIvo-
bacterium are isolated from Codium cylindricum with
Achromobacter being the dominant group. Most of
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the Micrococcus and some of the. rods areauxotrophic bact-
eria.
A total of 26 strains are isolated from these 3
green algae. Seven strains (26.9%) are found to reqtzre
specific growth factors for growth.
B. Bacterial flora associated with the Brown algae
A total of 13 strains belonging to the genera
Alteromonas, Pseudomonas, Xanthomonas, Flavobacterium
and Micrococcus are isolated from Ectocarpus si l iculos is,
and so far that is the highest number of bacterial strains
isolated from one single alga in this study. Ectocarpus
siliculosis differs from other six algae in that it
possesses very fine, microscopic filaments, whereas the
others possess coarse, large thallus. When algal materials
of equal weight are used, it is expected that the fine
filaments of Ectocarpus s iliculosis would provide much
more surface area for the attachment of bacteria than
the other algae. However, it is doubtful that this
particular feature of- Ectocarpus siliculosis contributes
to the more numerous variety of associated bacteria.
Six strains belonging to Flavobacterium, Xantho-
mono s, Micrococcus and Achromobact. er are isolated from
Ilydroclathrus clathratus. Only 4 strains belonging to
Pseudomonas, Xanthomonas, Flvaobacterium and Achromobacter
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are isolated from Sargassum hemiphyllum,
Among all the bacterial strains isolated from these
brown algae, Xant homonas, Flavobacterium, Pseudomonas and
Alteromonas are found to be the major genera.
C. Bacterial flora associated with the red al ae
The bacterial flora found on IIypnea charoides
are strains of Achromohacter, Xanthomonas, Pseudomonas,
Alteromonas and Flavobacterium. Among the 9 strains
isolated, only 2 strains are auxotrophic..
In summary, from the results obtained, that the
peri trichous ly flagellated strains of Achrornobacter and
the non-motile coccoid strains of Micrococcus are the
major group associated with the 3 green algal species.
Although there is significant variation among the
species and strains isolated from each green alga,
the green algae, as a group, seem to have a definite
unique bacterial flora. On the other hand, the yellow
and orange-pigmented strains and strains of Alteromonas
seem to be the dominant flora for the brown algae.
The yellow and orange-pigmented strains belong to the
motile species of Xanthomonas and the non-motile species
of Flavobacterium. The major bacterial flora foind on
the only representative of red algae in this study,
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Hypnea charoides, seems to be a intermediate flora between
those associated with the green and those with the brown
algae since strains of the peritrichously flagellated
Ach romobac t er and strains of the motile yellow-pigmented
Xanthomonas are the major bacteria. From the results obtained,
it can be suggested that relatively specific bacterial flora
can be found to assoicate with different groups (Phyllum
level) of algae if not with particular species of algae.
The absence from these algae of strains of the genera
Aeromonas and Vibrio which are the most commonly found
genera in seawater (Baumann et al., 1972) and associating
with other marine algae (Berland et al., 1969 Chan
and McManus. 1969 Simidu et al., 1971) cannot be fully
explained.
2. Nutritional Characters of the heterotrophic bacteria
The bacterial population is, like other population,
a function of the environment. Since bacteria have
relatively short generation times, changes in the
environment will be rapidly reflected in the kinds
and numbers of bacteria present. One of these envrionmental
factors is nutrients. In order to. support. the growth
of the attached heterotrophic bacterial flora, nutrients
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must be synthesized by the marine algae and be provided
to the bacterial cells. These types of nutrients include
simple sugars, organic acids, dicarboxylic acids, hydroxy-
acids, phenols, amines and* amino acids, etc. (iiellobust, 1974).
In contrast to the relatively uniform nutritional requirements
of plants and animals, bacteria exhibit characteristic
differences in their requirements for energy and carbon
sources. A study of the distribution of bacterial nutrition-
al types in nature suggests that this might be a response
to the environment.
Among the 119 carbon compounds possibly found in
algal mucilage and extracellular products, pyruvate and
glucose are the two universal substrates for all the
strains tested. A total of 22 compounds were frequently
attacked by the bacterial strains. They were glucose,
py-ruvate, D(-)-fructose, maltose, mannose, glycerol,
galacturonate, acetate, propionate, caprate, caproate,
valerate, butyrate, succinate, fumarate, DL-lactate,
citrate, mannitol, L-alpha-alanine, L-glutamate, L-proline
and malate. Glucose is. the basic components of the
mucilages of green algae, the storage photosynthate
laminarin in brown algae and Floridean starch in red
algae. The ability to use glucose as substrate would depend
on the enzymatic activities of the bacteria. Galactose is
found to be the major component sugar of the red seaweeds
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(Ross, 1953). It is frequently attacked by the bacterial
flora except most strains of Micrococcus. Although manni-
tol is a storage form of photosynthate in brown algae,
strains capable of utilizing this compounds are isolated
from all the seven species of algae. Galacturonate is the
major component in the Mucilage of red algae. However,
only a total of 8 strains cannot utilize galacturonate of
which 6 strains were isolated from Ectocarpus silictilostis.
The fact that some of the carbohydrates- can* only support
the growth of a minor portions of the bacterial strains
indicates that the utilization of certain carbon compounds
is quite specific. Some strains (K8 and K28) can utilize
a great variety of carbohydrates while some cannot (Table
17). Strain K54 from Sargassum hemiph_yllum, K15 and K19
from Ulva conglob to, K43 from Hypnea charoides, K24 from
Ectocarpus silicuilostis and K2 from Ulva lactuca are the
strains which rarely utilize fatty acids. Two strains of
Xanthomonas do not attack any of the fatty acids tested.
However, a majority of the strains could utilize the
tested fatty acids, indicating that the bacterial popul-
ations from all algal materials can utilize a greater
variety of fatty acids than carbohydrates (Figure 79).
The twenty-two most utilizable compounds (Figures 66,
67, 68, 70, 71, 74, 76, 77-and 79) by the bacterial
population therefore have a relatively higher turnover
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rate than the remaining compounds. Since bacteria are
shown to be chemotaxis, these compounds which are most
frequently attacked by the bacteria are expected to be
present in a relatively high concentration in the
microzone of or in the mucilage of the algae.
A total of 16 carbon compounds are utilized by less
than 10% of the strains. These include glycols, non-
nitrogenous aromatic and other cycl is compounds as well as
some dicarboxylic acids. Since these compounds are
utilized by only a few strains, they can be incorporated
into the media for selection purposes.
The nutritional requirements of the isolated
bacterial flora indicate that fatty acids, hydroxy-acids,
polyalcohols, alcohols, organic acids, dicarboxylic acids,
carbohydrates and amino acids can support the growth of most
of the bacterial strains (Fig 79). The possible presence
of these compounds in algal mucilage may be the major factor
in controlling the types and numbers of the associated
bacteria.
The fact that different species of the same genus
show different degrees of substrate utilization indicates
that the bacterial flora associated with marine algae aro
quite heterogenous in their nutritional requirements.
Changes of the compositions of the ext race ll a lar products
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will suppress the growth of certain bacteria which
possess a narrow range of carbon compound utilization,
but favor the growth of other bacterial flora which show
a wide range of carbon compound utilization. Since the
extracellular products of the algae may vary seasonally,
the associated bacterial flora are thus expected to vary
also. However, the successions of the bacterial flora
on algae are beyond the scope of this study.
It is not understood that when a number of organic
compounds are present tinder natural environment, what
would be the most suitable compounds used by the appro-
priate bacterial flora.
The auxotrophic bacteria.comprise 36.2J% of the
total bacteria population. It has been reported that
(Skerman, 1963 Merkel et al., 1957 Ostroff and Henry,
1939 MacLeod et al., 1954) bacterial isolates from surface
waters include a high percentage of amino acid-requiring
forms. There is some agreement between earlier observations
and the present findings. The sources of free amino acids
in surface waters may be die to the excretion of soluble
organic products of metabolism by the algae (Hel lobust, 1974).
The production of extracellular peptide and amide-N
(Fogg and Westlake, 1955) and of polysaccharide and organic
acids by algae (Allen, 1956) supports the idea that relation
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between algae and their epiphty is bacterial populations
may not be incidental, and that biosynthetic capabilities
of certain algae may qualitatively influence the local
bacterial flora in a selective, though not necessarily in
a direct, manner (Skerman, 1963). Although there is much
circumstantial evidence that certain auxotrophic algae
are ultimately dependent in the sea upon products of bacterial
metabolism, more information is required in order to
evaluate the association between bacteria and marine algae,
Nutritionally speaking, no significant differences are
observed among the bacterial flora associated with different
species of algae empolyed in this study. The bacterial
strains from different algae can Utilize the same
large number of organic comrounds as carbon and energy
sources. However, it should be pointed out that although
most of the bacterial strains can utilize the same organic
compounds, the immediate presence and the quantity
of these compounds are not necessary be the same in
different algal micro-environment or algal Mucilage. Therefore,
the nutritional requirements of the bacterial flora may be even
more diversified in situ than in laboratory tests. At
present, very little generalization can be made until the nature
of the extracellular products including the mucilage from
different groups of algae has been fully known.
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3. Marine and non-marine bacteria
Bacteria indigenous to the sea possess the capacity
to survive and to grow in this habitat, in addition they
show adaptation to this high salt environment. In areas
free of terrestrial contamination, more than 90% of the
bacteria isolated from seawater required nutrient
media prepared with seawater (Pratt, 1974).
True marine bacteria have been regarded as bacteria
of which growth would not.occur in the absence of Na+
or when equimolar amounts of sodium are replaced by
potassium (K+) in the medium and non-marine bacteria are
those w}i ich can grow in media without Na+ (MacLeod,
1965, 1968). With a few exceptions (Baumann et al.,
1974), most of the terrestrial forms and bacteria of
non-marine origin do not show obligate requirements
for Na+. Thus true marine bacteria differ from their
terrestrial counterparts mainly on their obligate
requirement for sodium (MacLeod, 1965)..
In the present study, 32 strains (55.17') are found
to be true marine bacteria, and bacteria of non-marine
origin comprise about 44.83% of the total number of
bacterial strains isolated from the marine benthic algae.
This data indicates that a significant number of non-
marine bacteria can survive and grow equally well as
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the marine forms on algal surfaces in the intertidal zone.
Recent researches (Fong, 1972 Kueh andChan, 1975 Chan
and Kueh, 1977) on the geohyd ro l ogy of Polo Harbour
show that the salinity of the harbour water is diluted as
a result of heavy rainfall in spring and summer,
inland outfalls, sewage effluent discharge and the inifuence
of the Tai Po River. Therefore, the salinity of the
harbour water is found to be around 28-30%o (equally to
470-510 mNI) with an occasional low of 16%o in Spring and
Summer when heavy rainfall Occurs. Soil and f re•sh water
bacteria are carried by sewage effluent and terrestrial run-
off into Tolo Harbour (Kueh and Chan, 1975) in which they
become tolerant to the high salinity by adaptation. Sirce
the algal mucilagenous layer consists of rich substrates,
these non-marine bacteria can then attach and multiply on
the algal surfaces. It has been shown that the range of
salt concentration of which the bacteria could grow depends on
the nutrient supply, and that bacteria can adapt to a
wide range of salt concentrations if they are grown in a
more complex nutrient media (Forsyth and Kirshner, 1970).
In studying the salt tolerance of intertidal bacteria,
Forsyth et al. (1971) found that a larger porportion of
bacteria isolated from the intertidal zone could grow
in higher salt concentrations than those found in seawater,
and some could even grow in media with saturated or
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near saturated NaCl.
It has been pointed out that halotolerance is more et al.
common in terrestrial bacteria (MacLeod, 1965). Tyler
(1960) found that of 15 marine bacteria tested, none grew
at 2.5 M (15.2%) of sodium. Contradictory, many terrestrial
species can tolerate much higher concentrations of salt
than the marine bacteria studied.. A large proportion
of bacteria isolated from inter-tidal zone has also been
found tolerant to high salt concentrations (Forsyth
et al., 1971 Novitsky and Kushner, 1975 Brown, 1976).
Thus, it can be assummed that sodium may not be the sole
inhibitory factor on the growth of these non-marine
bacteria in marine environment.
Ingram (1957), Gibbons and Payne (1961) also found
that non-marine bacteria could tolerate high concentrations
of sodium in media. The non-marine bacteria, when carried
into seawater, are subjected to an environment different
from their original habitats. A number of factors can
influence the growth of these soil and freshwater bacteria,
e.g. high salinity, different temperature, amount and avail-
ability of nutrients and antimicrobial substances, etc.
Those bacteria which can tolerate this new environment would
be selected and survive in this environment. Those which
are less tolerant would become extinct. Therefore it can
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be assummed that the non-marine strains isolated in the
present study are the salt tolerant forms which have
adapted to the marine environment,
Non-marine bacteria (Bilsky and Armstrong, 1973),
facultative halophiles (Novitsky and Kushner, 1975) as
well as the extreme halophiles (Ingram, 1957) require higher
concentrations of NaCl for protection against high
temperatures.- It means that an increase of NaCl in
medium leads to an increase of optimum growth temperature
while lowers the NaCl concentraton in the medium leads to
an decrease of otpimum growth temperature. Due to the
evaporation of seawater, the bacteria isolated near the
shore and in tidal pools are thought to be able to grow
in higher salt concentrations (Kushner, 1968 Forsyth
et al., 1971). Since the* marine benthic algae become
exposed to the air and receive direct irradiation from
the sun during low tide, the bacteria flora associated with
them are thus expected to Pnct,unter a relatively high salt
and high temperature environment than those in seawater.
Growth of the marine bacterium has been found to be
enhanced by increasing the buffer capcity of the medium
(Srivastava and MacLeod, 1971). Also an increase in the
concentration of phosphate buffer greatly increase the
cell yield (Forsyth and Kushner, 1970). The ratio of the
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inorganic ions are known to be quite constant in seawater.
The bacteria surrounded by this naturally buffered seawater
can thus grow and multiply on the algal surface. The non-
marine bacteria which can grow in this environment are
those which can adapt to this environment. The question
whether they are facultative halophiles or moderate halo-
philes requires further investigation.
Larsen (1962) found that some species of Micrococcus
could tolerate 25% NaCl and that Gram negative rods of
terrestrial origin were inhibited by NaCl concentration
between 5 and 10%. In the present study, occurrence
of Micrococcus are found to be quite frequent. Among the
58 strains, 10 strains belong to Micrococcus.
Zobell (1946) stated that very few marine bacteria
grew in seawater media to which 12% NaCl was added, and
virtually no marine bacteria could grow in seawater medium
containing 24% NaCl. It has been shown that very few
bacteria could grow in media containing 21% NaC1 (Shah
and De Sa, 1964) and 8-i2% NaCl were the highest concentrations
which still supported the growth of marine bacteria (Tyler
et al., 1960 Brown and Turner, 1963). The ability of salt
tolerance of true marine bacteria is thus smaller than some
of the terrestrial forms.
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4. Effect of Sodium Chloride on the Growth of the marine
bacteria
The ionic requirements of marine bacteria have
been studied by MacLeod (1965, 1968), and a number
of studies on the sodium.regiu irement s of true marine
forms as well as halophilic bacteria have been carried
out (Larsen, 1967 Novitsky and Kushner, 1975 Sprott
et al., 1975 Kamekura and Onishi, 1976 Matheson et al.,
1976).
Marine bacteria require Na to maintain i iie
osmotic environment for the protection of cellular
integrity. However, osmotic function is only a minor
part of the sodium functions (MacLeod and Onofrey, 1957
Pratt and Austin, 1963) as indicated by the possible
partial replacement of Na+ by K+ and other cations
in maintaining the opt imcim growth rate. The requirement
of sodium is Iic'hly specific for the true marine bacteria
(Fratt, 1963 Tedder, 1966) and the bacterial permease
system requires sodium for the uptake of exogenous sub-
strates (Drapeau et a l., 1966).
In the present Study,, the lag periods of t h e 12
bacterial strains are found to be approximately 1-4 hours.
Reichelt and Baumann (1974) reported that growth of 31
r_rn_nue., marine bacteria required a lag of 1 hour
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irrespective of the NaCl concentrations. Most of the
strains (K8, K27, K28, K21, K49, K48, K54 and K52) in
the present study exhibit the same duration of lag periods
regardless of the NaCl concentrations and they start their
exponential growth almost simulaneously. However, a
few strains (K4, K47, K32 and K35) have more distinguishable
lag periods between different Na+ concentrations. There-
fore it is expected that the latter strains are more
sensitive to changes to Na+ concentration in the media than
the former strains. The duration of lag period has been
reported to be affected by physical factors such as pH,
temperature and the reducing potential of the medium
in batch cu ltues (Lichstein, 1959). It has been found
that by using young cells or a large number of cells for
the inocu lum, the lag time can be reduced (Iiinshe lwood,
1952). It is now well established that the inoculum
must build up a critical concentration of one or more
essential metabolites before exponential growth can occur.
The similar lag periods observed in the 6 Na+ concentrations
tested in some strains .(K8, K211 K279 K28, K499 I:4j K22 and
K54) may be due to two reasons. Firstly, the size of the
inoculum is large enough so that the bacteria can multiply
after a relatively short lag period in the suboptimal Na+
concentrations. Secondly, these bacterial strains have
adapted to a relatively wide range of Na+ concentration so
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that. they can multiply at the same time regardless of the
different Na+ concentrations,
Among the 12 strains studied, K47, K4, K48 and K27
belong to Alteromonas macleodii. Both strains K47 and
K4 require the same Na+ concentration (300 mM) for maximal
growth inspite of the fact that the durations of the lag
periods and the growth rates between them are quite
different. Strains K48 and K27 show the same relationship.
Strains K32 and K8 belong to Alteromonas vaga. However,
the Na+ concentrations required by these two strains for
maximal growth rates and yields are completely different.
This indicates that strains of a single species may or may
not respond in a similar manner to variations in NaCl con-
centration, which is different from that observed by
Reichelt and Baumann (1974). On the other hand, the
observation that strains of Alteromonas macleodii require
200-300 mM NaCl for maximal yields is in accord with that
reported by these two workers. Thus the sodium require-
ments for strains in a single species may or may not be
the same.
K22 is the only strain of Xanthomonas tested. This
strain requires 50mM NaCl for maximal growth rate and 50-
500 mM NaCl for maximal yield, respectively. Apparently,
this strain can grow equally well in both low and high
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concentrations of NaCl, which definitely facilitates
survival advantage.
Among the four I'seudomonas strains, K21, and K28 of P.
marina, and K35 of P. nautica are found to require 200 mM
NaCl for both maximal growth rates and growth yields.
These three strains show fastest growth rates at Real with 300
mM and even 400 mM NaCl at tho beginning of exponential
growth. Sooner or later, however, the growth rates at 200
mNI NaCl exceed those in all other concentrations, which
suggests that these bacterial strains prefer a lower con-
centration of NaCl to higher ones for optimum growth. This
indicates that although high Na+ concentrations (300-500 mM)
stimulate growth better than lower Na+ concentrations at
early contact periods, the growth rates in lower Na'
concentrations (100-300 mM) soon become dominant since they
fit the build-in optimal salt requirements of the strains,
which are genetically stable (Forsyth and Kushner, 1970).
Strains K43 of P. marina was reported to require 3W) mM
NaCl for optimum growth (Ite ichelt and hauimann, 1974), which
is not too different from K21 and K28 Used in this study.
Strain K49 of Pseudomonas sp. requires 100 mM NaCl
for optimum growth and 200-500 mM for maximal yield.
This strain seems to have the same survival advantage as
strain K22 of Xanthomonas sp.
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Strain K54 of Achromobacter sp.. has very slow growth
rates at the six '\a' concentrations tested. High concentration
of Na+ stimulate the growth of the strain temporarily, but
100 mM Na+ seems to he more desirable for this strain as
growth rate and yield concern. K54 is the only strain which
has the lowest Na+ requirement among the 12 strains tested.
During exponential growth, the growth rates of some
strains in the six different NTa+ concentrations are found
to be the same. That means they multiply at a constant
rate which is indicated by the parallel slopes of the growth
curves after the mid-exponential period. However, the
cell yields between different concentrations of Na+ are
luite different. This observation suggests that although
.ender different concentrations of Na+, either optimum or
Sub-optimum, each strain can multiply in its own spec-
ific rate. Forsyth and Kushner (1970) showed that the
alt response of populations of bacterial cells was
ent ical ly stable and that each cell could grow over the
?ntire salt range in which the cilture grew. Any changes
Ln the properties of these bacteria on growth at different
alt concentrations are probably not due to selection. From
he growth curves of the bacterial strains, it can be concluded
hat Na+ affects the bacterial population from the very
Beginning of growth, even the duration of the lag period.
lacteria can adjust themselves to this environment and when
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synthesis of metabolite enzymes necessary for this spec-
ial environment is accomplished, they can multiply at a
constant and specific rates which are unique to the particu,
lar bacterial strains regardless of the Na' concentration.
Although the marine strains grow in seawater with
high salinity (28-30°x), the optimum growth rates of
these strains are found to occur in media containing
100-200 mM NaCl which is approximately half strength
of the natural seawater (MacLeod, 1965).
Reichelt and Baumann (1974) found that high levels
of Mg++ and Ca++ present in the marine medium stimulated
the growth rates of certain marine bacteria. Either one
or both of these cat ions may reduce the sodium requirement
of the marine bacteria. Tedder (1966), in studying the
grolsth of 20 marine isolates, found that the concentration
of Na+ req=aired to give optimum growth rate ranged from
0.2 to 0.5 M. Using 0.05M Na+ as a suboptimal concentrat-
ion,' she was able, by the addition of K+ to give a total
salt concentration equivalent to the optimum Na+ concent-
ration, to enhance the growth rates of the isolates,
She further suggested that Na+ coild serve two functions
in the marine medium one being specific and the other
non-specific. Variation in the concentration of Na
required to satisfy the specific requirement would
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account. for the differences in the sparing effect of
K+. Pratt and Tedder (1974) reported that the marine
strains grew more rapidly in the presence of suboptimal
amounts of NaCl when the total salt con '-entration was
maintained by KC1. The optimal concentration for NaCl
along, without sparing amounts of KC1, ranged from 0.2 to
0.4 M. In the presence of compensating amounts of KC1,
the NaC1 optima ranged from 0.05 to 0.35 M.
Pratt and Tedder (1974) also concluded that the typical
response of a marine bacterium to Na+ resembled in part
that of an organism to a stimtiatory growth factor. The
total amount of growth was not inf luuenced, but rather the
rate of growth was a function of Na+concentration.
It can be concluded that, in general, the optimal
cone ent rat ions of Na+ required by the united number of
strains tested for maxiaml growth rates are between 100-
200 mM and those required for maximal yields are between
200-300 mAM. Positive co-relation be tw these two required
Na+ concentrations can only be identified in strains K32,
K219 K28, K35 and K54 in which both maximal growth rate
and maximal yield of one strain require same amounts
of sodium. There seems to be no co-relation between
these two reuired Na+ concentration in other strains tested
139
however. With the only exception of strain K27 in which
the Na+ concentration (200 mM) Irequired for maximal yield
is lower than that required for maximal growth rate (300-400
mM), the Na+ concentrations required for maximal yields
are always higher than those required for maximal growth
rates in strains K47, K489 K4, K89 K49 and K22.
Bacterial flora of the marine environment consists of
largely gram negative organisms which have a specific
requirement for sodium ion (MacLeod, 1965 1968). It
has been reported that a large number of marine bacteria
could be grown in laboratory only in the presence of sodium
(Baumann et al., 1971, 1972, 1973 Reichelt and Baumann,
1973a, 1973b, 1974). A requirement for 340 mM to 510 mN1
NaCl for optimal growth has also been demonstrated in
marine isolates of Desulfovibrio (Truper et al., 1969),
caulobacters (Poindexter, 1964), agar decomposing forms
(Stanier, 1941)p spirilla (Williams and Rittenberg, 1957),
nitrifying bacteria (Watson, 1971). Reichelt and Baumann
(1974) reported that the Na+ concentrations required by
31 Gram negative, heterotrophic, marine bacteria belonging
to Alteromonas, Pseudomnnas, Alcalieenes, Bdellovirbio,
Beneckea, and photobacterium were from 70-300 mM. The
results obtained from the present investigation show that
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100-300 mM NaCl are generally required by the marine
strains which are in accord with those reported by the
above mentioned workers. Also the present study confirmed
that the Na+ concentration, required by marine bacteria
for optimal growth are lover than the Na+ concentration
present in seawater which is 450-480 mM (Keichelt and
Baumann, 1974). The inhibitory effect of high concentrations
of sodium reported previously (keichelt and Baumann, 1974)
has also been confirmed in most of the strains tested




1. A total of 58 heterotrophic bacterial strains were
siolated from seven marine benthic algae growing in
the intertidal zone of. Centre Island in Tolor Harbour,
Hong Kong. These include three green algae, Ulva.
lactuca Linn., Ulva conglobata Kjellm. and Codium
cylindricum Holm. three brown algae, Sargassum
hemiphyllum C .Aq., Hyd roc lathrus clathratus (Rory)
Howe. and Fc to carpus s i l icu l osus (Di l lw) Lyngb.
and the red alga Hypnea charoides Lamouroux. Differ-
ent bacterial flora were found associated with different
groups (phylum) of algae. Strains of MieroCOCCUs
and Achromobact er were the major flora on Green Algae 9
those of Xanthomonas and Flavobacterium were mainly
found on Brown Algae, with strains of Xanthomonas,
Alteromonas and Achromobacter on the red alga. Whether
this specific assodation was due to the chemical
compositions of the mucilagenous layers of the algae
is Still unknown since the nutritional reqUirements
of these bacterial flora were rather diversified.
However, there was no significant difference of the bact-
erial flora found on algae belonging to the same group.
2. Most of the strains isolated from the marine benthic
algae were Pigmented (77.-59%), Motile (69%), Gram
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negative (82-76%), and aerobic (74.14%) rods (82.76%).
The strains were assigned to the genera Achromohacter,
Pseudomonas, Alteromonas, Micrococcus, Xanthomonas and
Flavobacterium according to extensive mo}hological,
physiological and nutritional characterization of the
strains. Among the 58 strains isolated, 32 were true
marine bacteria and 26 strains were of non-marine origin.
3. One hundred and ninteen carbon compounds which might
possibly occur as algal extracellular products and
components of the algal mucilage were tested as possible
substrates for the bacterial strains isolated. It was
found that the bacterial strains utilized fatty acids and
hydroxyacids more frequently than the other carbon
comb}ounds. Nitrogenous compounds, non-nitrogenous
aromatic and other cyclic compounds were seldom attacked
by the bacterial strains. The bacterial strains showed
great difference in their ability to utilize the carbo-
hydrates. However, glucose and pyruvate were Used by
all the strains. Both wide and narrow range of carbon
compound utilizers were isolated from the same algal
species.
4. The optimum growth temperatures of all the bacteria?
strains ranged from 20-30°C wlflch is the temperature of
the seawater in Tolo Barbour during Spring and Surlimer.
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5. Chloramphenicol and neomycin inhibited the growth of
all the 58 strains. The strains were more resistant
to tyrothricin, polymyxin B and terramycin. On the other
hand, bacitracin, aureomycin, streptomycin, tetracycline
and penicillin were effective in inhibiting the growth
of the bacteria. However, different genera and even
species in the same genus showed different degree of
susceptibility to the antibiotics tested.
6. Both non-marine (44.8!'o) and marine bacteria (55).2%)
could grow and establish temselves on algal surface
(mucilage), indicating that quite a large number of soil
and fresh water bacteria were carried into the seawater
of the Tolo Harbour and can be selected for and adapt
to the high salinity of the seawater.
7. It was found that concentrations of NaCl at 100-200 m.MM
were most suitable for the maximal growth rates of the
marine strains, although higher concentrations of
NaCl will stimulate growth at the early exponential period
Maximal yields of the marine strain were obtained in
NaCl concentration of 200-3('0 mNi.. Some strains required
same amounts of NaC1 for maximal growth rates and, yields.
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